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ie first edition of Carnegie Pocket Companion appeared in 
1872 and was issued by Carnegie, Kloman & Company, Pro- 
prietors, Union Iron Mills, Pittsburgh, Pa. 


Immediately on its appearance this book became indispensable 


to users of structural iron. More than any other single publication 
this book and its successive editions have served to advance the 
interests of standardization in structural practice. Since July, 1896, 
about 275,500 copies have gone into the hands of engineers, architects 


and builders. 


So far as practicable each successive edition has been placed 
abreast of the most approved methods in structural design. Each 
successive edition, therefore, records the stages of development in 
the manufacture of structural steel and its fabrication into bridges, 


buildings, cars and ships. 


In this, the twenty-second edition, the weights of beams and 
channels have been adjusted to conform to the action taken by the 
Association of American Steel Manufacturers effective as of Septem- 
ber 1, 1920, by virtue of which fillets and roundings are included in 
the computation of weights. The dimensions and properties of 

‘sections’ of intermediate and maximum thicknesses have also been 
recomputed. The safe load tables have not yet been exactly adjusted 
to the new properties but are sufficiently exact for all practical uses. 


Changes have also been made in the section numbers of 
standard beams and particularly in the section numbers of angles. 
Purchasers are, therefore, requested to be sure to show the new 


section numbers on all orders. 


The sections illustrated in the profiles and tables are those 
deemed most suitable for use in bridge, building, car and ship con- 
struction. A complete list of all the sections rolled by Carnegie 
Steel Company, together with tables of weights and other data in 
regard to these products, is given in Shape Book. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


FOR 


STRUCTURAL STEEL FOR BRIDGES 


SERIAL DESIGNATION: A7-16. 


These specifications are issued under the fixed designation A 7; the 
final number indicates the year of original adoption as standard or, in the 
case of revision, the year of last revision. 


ApopTepD, 1901; Revisep, 1905, 1909, 1913, 1914, 1915, 1916. 


1. Steel Castings. The Standard Specifications for Steel Castings 
(Serial Designation A-27) adopted by the American Society for 
Testing Materials shall govern the purchase of steel castings for 
bridges. Unless otherwise specified, Class B castings, medium 
grade, shall be used. 


I. MANUFACTURE 


2. Process. The steel shall be made by the open-hearth process. 


II. CHEMICAL PROPERTIES AND TESTS 


8. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 
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4. ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that specified in 
sec. 3 by more than 25 per cent. 


IiIl. PHYSICAL PROPERTIES AND TESTS 


6. Tension Tests. (a) The material shall conform to the follow- 
ing requirements as to tensile properties: 


Properties Considered Beira Beet 


Tensile strength......... lb. per sq. inch) 55,000-—65,000a | 46,000—56,000 


Yield point, min......... lb. per sq. inch| 0.5 tens. str. 0.5 tens. str. 
Elongation in 8 inches, min..... per cent PLEIN Lee. 
tens. str. tens. str. 


Elongation in 2 inches, min..... per cent De ged ON eet eter haters 


a See par. (6). b See sec. 7. 


(b) In order to meet the required minimum tensile strength of 
full-size annealed eye bars, the purchaser may determine the tensile 
strength to be obtained in specimen tests, the range shall not 
exceed 14,000 Ib. per sq. inch and the maximum shall not exceed 
74,000 lb. per sq. inch. The material shall conform to the | 
requirements as to physical properties other than that of tensile 
strength, specified in sec. 6, 7 and 8 (6). 

(c) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation. (a) For structural steel over 34 
inch in thickness, a deduction of 1 from the percentage of elongation 
in 8 inches specified in sec. 6 (a) shall be made for each increase 
of 1% inch in thickness above 34 inch to a minimum of 18 per cent. 

(b) For structural steel under %6 inch in thickness, a deduc- 
tion of 2.5 from the percentage of elongation in 8 inches specified 
in sec. 6 (a) shall be made for each decrease of 46 inch in thickness 
below %4e inch. 
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8. BendTests. (a) The test specimen for plates, shapes and 
bars, except as specified in par. (b), (c) and (d), shall bend cold 
through 180 degrees without cracking on the outside of the bent 
portion, as follows: For material 34 inch or under in thickness, flat 
on itself; for material over 34 inch to and including 1% inch in 
thickness, around a pin the diameter of which is equal to the 
thickness of the specimen; and for material over 114 inch in thickness, 
around a pin the diameter of which is equal to twice the thickness of 
the specimen. 

(b) The test specimen for eye-bar flats shall bend cold through 
180 degrees without cracking on the outside of the bent portion 
as follows: For material 34 inch or under in thickness, around a 
pin the diameter of which is equal to the thickness of the specimen; 
for material over 34 inch to and including 11/4 inch in thickness, 
around a pin the diameter of which is equal to twice the thickness 
of the specimen; and for material over 144 inch in thickness, 
around a pin the diameter of which is equal to three times the 
thickness of the specimen. 


«-----About 3-: 


Figure 1. 


(c) The test specimen for pins, rollers and other bars, when 
prepared as specified in sec. 9 (e), shall bend cold through 180 
degrees around a 1-inch pin hem cracking on the outside of the 
bent portion. 


(d) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 


9. Test Specimens. (a) Tension-and bend-test specimens shall 
be taken from rolled steel in the condition in which it comes from 
the rolls, except as specified in par. (0). 

(b) Tension-and bend-test specimens for pins and rollers shall 
be taken from the finished bars, after annealing when annealing 
is specified. 
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(c) Tension-and bend-test specimens for plates, shapes and 
bars, except as specified in par. (d), (e) and (f), shall be of the full 
thickness of materjal as rolled. They may be machined to the 
form and dimensions shown in fig. 1, or with both edges parallel; 
except that bend-test specimens for eye-bar flats may have three 
rolled sides. 


<----2'Gage length -----» 


NOTE:—The gage length, parallel portions and fillets shall be as 
shown, but the ends may be of any form which will fit 
the holders of the testing machine. 


Figure 2. 


(d) Tension-and bend-test specimens for plates, and tension- 
test specimens for eye-bar flats, over 114 inch in thickness may be 
machined to a thickness or diameter of at least 34 inch for a length 
of at least 9 inches. 


(e) Tension-test specimens for pins, rollers and bars (except 
eye-bar flats) over 114% inch in thickness or diameter may conform 
to the dimensions shown in fig. 2. In this case the ends shall be 
of a form to fit the holders of the testing machine in such a way 
that the load shall be axial. Bend-test specimens may be 1 by 
14 inch in section. The axis of the specimen shall be located at 
any point midway between the center and surface and shall be 
parallel to the axis of the bar. 


(f) Tension-and bend-test specimens for rivet steel shall be of 
the full-size section of bars as rolled. 


10. Number of Tests. (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs 84 inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 


rolled. 


(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
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is more than 34 inch from the center of the gage length of a 2-inch 
specimen or is outside the middle third of the gage length of an 
8-inch specimen, as indicated by scribe scratches marked on the 
specimen before testing, a retest shall be allowed. 


Iv. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 


11. Permissible Variations. The cross-section or weight of cach 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be covered 
by the following permissible variations. One cubic inch of rolled 
steel is assumed to weigh 0.2833 pounds. 


(a) When Ordered to Weight per Square Foot :-— 
The weight of each lot! in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


TABLE I.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PrRMIsstBLE VARIATIONS IN AVERAGE WEIGHTS 
PER SquaRE Foor or Puates ror WipTHs GIVEN, 
EXPrRmsseD IN PERCENTAGES OF ORDERED WEIGHTS 
Ordered 
Weight, 48in. | GOin. | 72in. | 84in. | 96 in. | 108in. | 120 in. 
Pounds Under to to to to to to to 132 in 
per 48in. | 60in. | 72 in. | S4in. | 96 in. | 108 in. | 120 in. | 132 in. or 
Square Foot excl. | excl. | excl. | excl. | excl. | excl. | excl. | OVeF 
wy be & we ub i] Lt w 
slal ele] slal slelsle| sla] sia sila sla 
AR a =| =] =| a i=] 
6/5/6151 6/5/16/5/6/5/6/5/5/5/6/5/ 5/5 
WndemStie. ck: Fa Cae SCE Omni Sne he ISS 1th allocd ee [eet fmol nGolincd! sae colone 
So ytor-745-CxC), 145513: 15) 3. aS 1G iS oe clic lieasilis ce] wershina cleat eames 
7.5 to 1 S418 14068 (oS s58. 16 (3 7 |S (SS eed omnes 
10. to 12.56 “ (|3.5/2.5/4 13 |4.53 [5 (8 15.53 |6 (8-17 |3 18 13 19 13 
12.5 to 15 * 13 12:513-512.5(4 18) (4:53 15) Se 15.58 |6 17 3 {S43 
15 toi7.5 “* |2.512.513 (2.513.522.5144 8 |4.53 15 |8 [5.53 |6 |3 |7 13 
17.5 to 20 * |2.5/2 (2.512.513 |2.513.5/2.5/4 13 14.53 15 |3° 15:53 16 13 
20 to 25 S 12 122 12.512) (2.512513 \2I5 52:54 13. i4.513 15 |B bie 
25 to 30 SS 12) 12412 12 1252" 12512518" (2-518. 513° 1413) 14-518 1S IS 
30 to 40 “12 12 |2 (2 |2 42 |2.5)2 12.5/2.5/3° |2.5/3.53 |4 [3 |4.5/3 
40 or OVer....5.. 2/2 |2 |2 |2 !2 |2 |2 (2.5/2 |2.5)2.5/3 |2.513.5/38 |4 13 


4 


Norr.—The weight per square foot of individual plates shall not vary from the ordered weight 


by more than 114 times the amount given in this table. 
(b) When Ordered to Thickness :— 
The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 
The overweight of each lot? in each shipment shall not exceed the 
amount given in Table IT. 


1The term ‘‘lot” applied to Table I means all of the plates of each group width and group weight. 
2The term ‘‘lot”’ applied to Table II means all of the plates of each group width and group thickness. 


A. S. T. M.—STRUCTURAL STEEL FOR BRIDGES 


TABLE Il.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


PrrMissisLe Excuss In AVERAGE WEIGHTS 
PER Squarw Foor or Piares ror Wiptus Given, 
ExpresseD IN Percentages or NominaL WHIGHTS 


Ordered 
Thickness, 
Inches in. in. in. in. in. | 108 in. 
to 
in. | 120 in. 
excl. 


gS ute 2) ge - 
14g to 4eexcl.... 
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Vv. FINISH 


12. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


13. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly stamped 
on the end of each pin and roller. The melt number shall be 
legibly marked, by stamping, if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION 


14. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
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analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 


15. Rejection. (a@) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 


(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


16. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


FOR 


STRUCTURAL NICKEL STEEL 


SERIAL Designation: A8-16. 


These specifications are issued under the fixed designation A 8; the final 
number indicates the year of original issue or, in the case of revision, the 


year of last revision. 


ADOPTED, 1912; Revisep, 1913, 1914, 1916. 


I. MANUFACTURE 


1. Process. The steel shall be made by the open-hearth process. 

2. Discard. A. sufficient discard shall be made from each ingot 
intended for eye bars to secure freedom from injuricus piping and 
undue segregation. 


Il. CHEMICAL PROPERTIES AND TESTS 


3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


STRUCTURAL STEEL Rivet Steet 
not over 0.45 per cent not over 0.30 per cent 
O70 a Sl a O:GO aneees 
0.05 O04 et 
0.04 0.03 * 


Sulphur.... 0.05 0.45 
Nickel not under 3.25 not under 3.25 
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4, Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of the elements 
specified in sec. 3. This analysis shall be made from a test ingot 
taken during the pouring of the melt. The chemical composition 
thus determined shall be reported to the purchaser or his representa- 
tive, and shall conform to the requirements specified in sec. 3. 


5. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The chemical composition 
thus determined shall conform to the requirements specified in sec. 3. 


III. PHYSICAL PROPERTIES AND TESTS 


6. ‘Tension Tests. (a@) The material shall conform to the 
following requirements as to tensile properties: 


Eye Bars and Eye Bars, a and 
: A z Plates, Shapes nish 
Properties Considered| Rivet Steel 1 Rollers, ¢ 

a and Bars Unannealed 


Tensile strength, 
lb. per sq. inch|/70,000—80,000'85,000—100,000 95,000—110,00090,000—105,000. 
Yield point, min., 
Ib. per sq. inch) 45,000 50,000 55,000 52,000 
Elongation in 
8 inches, 1,500,000 1,500,0006 1,500,000 6 
min., per cent a 20 
re tens. str. 
Elongation in 
2 inches, 
min., per cent 16 20 
Reduction of area 3 
min., per cent 25 35 


a Tests of annealed specimens of eye bars shall be made for information only. 
b See sec. 7. 
c Elongation shall be measured in 2 inches. 


(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 


7. Modifications in Elongations: For plates, shapes and unannealed 
bars over 1 inch in thickness, a deduction of 1 from the percentage 
of elongation specified in sec. 6 (a) shall be made for each increase 
of 1% inch in thickness above 1 inch, to a minimum of 14 per cent. 


8. ‘Character of Fracture. All broken tension-test specimens shall 
show either a silky or a very fine granular fracture, of uniform 
color, and free from coarse crystals. 


9. BendTests. (a) The test specimen for plates, shapes and 
bars shall bend cold through 180 degrees without cracking on the 
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outside of the bent portion, as follows: For material 34 inch or 
under in thickness, around a pin the diameter of which is equal to 
the thickness of the specimen; and for material over 34 inch in 
thickness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 

(b) The test specimen for pins and rollers shall bend cold 
through 180 degrees around a 1-inch pin without cracking on the 
outside of the bent portion. 

(c) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 

10. Drift Tests. Punched rivet holes pitched two diameters 
from a planed edge shall stand drifting until the diameter is enlarged 
50 per cent, without cracking the metal. j 

11. Test Specimens. (a) Tension-and bend-test specimens shall 
be taken from the finished material. Specimens for pins shall be 
taken after annealing. 
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Figure 1. 


(b) Tension-and bend-test specimens for plates, shapes and 
bars, except as specified in par. (c), shall be of the full thickness 
of material as rolled. They may be machined to the form and 
dimensions shown in fig. 1, or with both edges parallel; except 
that bend-test specimens shall not be less than 2 inches in width, 
and that bend-test specimens for eye-bar flats may have three 
rolled sides. 

(c) Tension-and bend-test specimens for plates and bars (except 
eye-bar flats) over 114 inch in thickness or diameter may be 
machined to a thickness or diameter of at least 34 inch for a length 
of at least 9 inches. 

(d) The axis of tension-and bend-test specimens for pins and 
rollers shall be 1 inch from the surface and parallel to the axis of 
the bar. Tension-test specimens shall conform to the dimensions 
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shown in fig. 2. The ends shall be of a form to fit the holders of 
the testing machine in such a way that the load shall be axial. Bend- 
test specimens shall be 1 by % inch in section. 


(e) Tension-and bend-test specimens for rivet steel shall be of 
the full-size section of bars as rolled. 


12. Number of Tests. (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs 34 inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. 


(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


fee SSS 247------------- » 
_ Radius not less than 14" 


----2"Gage length------ ? 


NOTE:—The gage length, parallel portions and fillets shall be as 
shown, but the ends may be of any form which will fit the 
holders of the testing machine. 


FicureE 2. 


(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is more than 34 inch from the center of the gage length of a 
2-inch specimen or is outside the middle third of the gage length 
| of an 8-inch specimen, as indicated by scribe scratches marked on 
the specimen before testing, a retest shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 


13. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations. One cubic inch 
of rolled steel is assumed to weigh 0.2833 pound. 


(a) When Ordered to Weight per Square Foot:— 


The weight of each lot! in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


1The term ‘“‘lot”’ applied to Table I means all of the plates of each group width and group weight. 
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TABLE I.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PrRMISSIBLE VARIATIONS IN AVERAGE WEIGHTS 
per Squarp Foor or Piares ror Wiptus Given, 
EXPRESSED IN PERCENTAGES OF ORDERED WHIGHTS 
ee ; 
eight, 48 in. | 60in. | 72in. | 84in. | 96 in. | 108 in.| 120 in. : 
Pounds Under to to to to to to fo | 19200. 
per 48in. | 60in. | 72in. | 84in. | 96 in. | 108in.| 120in.| 132in.]| 
Square Foot excl. | excl. | excl. | excl. | excl. | excl. | excl. | CV 
| 

ky i] hw we ky ky by by 
Bigl sisiplals/s|eiclslel wlel slel ele 
i=) =| =| =) a d 
615/6/5/6/5/6/5/6/5/6/5/6/5/6/5|/6]5 
Under 5.... De ours, 1O.se. lies SO | coal ee | oer eke | arts eas le Gallons 
an UO ico. CXC NE, OI Ors) JO. DIS (G1, ion Wiecidtaces lise tists ellecsielie ace | career et nerses'ltaere 
7.5 to 10 i NAS! 42S mlDiise 15.513 (6 Ws Nhe (BINS: IBS |eeclSaceealeers 
10" to 12:5 is.o2:5/4 3 4.513 15 13° 15.58 16 18 i7 18 i838 9. 13 
12:5 to 15 “1s 2.5/3 5i2.514 3 |4518 15 13 }5:513 16 13 17913 18 13 
15 to l7.5= *— |2:512-5)3. |2.5|3.5/2.5/4 3 4.513 15 13 15.518 16 18) 7 Is 
17.5 to 20 or 2.5/2 |2.5/2.513 |2.5/3.5/2.54 3 14.53 15 |8 15.5138 (6 13 
20 to 25 = 12 |2 12:52 12°5)2.513 |2:513:512. 5/4 13 |4.53 |5 |3 15.58 
23 to 30 Zi 2 (2 (2 |2 12.52 |2.5)/2.5/3 |2.5/3.513 |4 |8 (4.53 |5 |3 
30 to 40 2092712) 12 2) 2) 2.5/2) 125512.5|3' 12.53.5133 |4 13 4.5/8 
40 or Over.......)2 |2 |2-\2 |2 |2 12 |2 |2.52 (2.512.533 |2Bi3.58 |4 (8 


Note.—The weight per square foot of individual plates shall not vary from the ordered 
weight by more than 11 times the amount given in this Table, 
(b) When Ordered to Thickness:— 
The thickness of each plate shall not vary more than 0.01 inch 


under that ordered. 
The overweight of each lot? in each shipment shall not exceed the 


amount given in Table IT. 


TABLE I1.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


PeRMissiBLE Excess in AverAGE Wuicuts 
pprR Squarp Foor or Puarns ror Wiprus Given, 
Expressep IN Percentages or NoMINAL WEIGHTS 
Ordered 
Thickness, 
Inches 48 in. | 60in. | 72in. | 84 in. | 96 in. | 108 in. | 120in. | 953, 
Under to to to to to to to pan. 
48 in. | 60in. | 72in. | 84in. | 96in. | 108in.| 120in.| 132in.| 
excl excl, excl excl. excl excl excl over 
Winder de seeed| 9 10 12 14 seu ons Bed tows 
¥y to %¢ excl 8 9 10 12 Bc Raine sere ee 
%etoi ul 8 9 10 12 BAe mee Rone 
% to%e * 6 7 8 9 10 12 14 16 19 
DigtOr oe) ai) aera 1 6 7 8 9 10 12 14 17 
86 toe“ :s-.| 4.5 5 6 7 8 9 10 12 15 
Agto Ww ~ ...../' 4 4.5 5 6 1h 8 9 10 13 
% to% 3.5 4 4.5 5 6 i 8 9 11 
% to % ‘ 3 3.5 4 4.5 5 6 i 8 9 
%4 to 1 Tete esate rea) 3 3.5 4 4.5 5 6 7 8 
ior Overy ac2ees a eeo 205. 3 3.5 4 4.5 5 6 if 
2The term “‘lot”’ applied to 


Table II means all of the plates of each group width and group tiene 


Sv OC 8 rr o— 
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Vv. FINISH 


14. Finish The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


15. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly 
stamped on the end of each pin and roller. The melt number 
shall be legibly marked, by stamping if practicable, on each test 
specimen. 


VII. INSPECTION AND REJECTION 


16. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 


17. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 


(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


18. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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Vill. FULL-SIZE TESTS 


19. Test of Eye Bars. (a) Full-size tests of annealed eye bars 
shall conform to the following requirements as to tensile properties: 


Tensile strength Ib. per sq. inch 85,000—100,000 
Yield point, min Ib. per sq. inch 48,000 
Elongation in 18 ft., min per cent 10 
Reduction of area, min per cent 30 


(6) The yield point shall be determined by the halt of the 
gage of the testing machine. 
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-AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. 8. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


FOR 
‘STRUCTURAL STEEL FOR BUILDINGS 


SERIAL DESIGNATION: A9-16. 


These specifications are issued under the fixed designation A 9; the final 
number indicates the year of original issue or,*in the case of revision, the 
year of last revision. 


AvopTsEp, 1901; Rervisep, 1909, 1913, 1914, 1916. 


Nore Aporrrp JunzE 26, 1918, 


In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 
until otherwise ordered by the Society. 


I. MANUFACTURE 


1. Process. (a) Structural steel, except as noted in par. (6), 
may be made by the bessemer-or the open-hearth process. 


(b) Rivet steel, and steel for plates or angles over 34 inch in 
thickness which are to be punched, shall be made by the open- 
hearth process. ; 


Il, CHEMICAL PROPERTIES AND TESTS 


2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


STRUCTURAL STEEL Rivet STreeu 
f Bessemer... not over 0.10 per cent 


\Open-hearth son ne OLOGiet es Ns not over 0.06 per cent 
‘Sulphur 0.045°** ~** 


Phosphorus 
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3. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 2. 

4. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that specified in 
sec. 2 by more than 25 per cent. 


Ill. PHYSICAL PROPERTIES AND TESTS 


5. Tension Tests. (a) The material shall conform to the 
following requirements as to tensile properties: 


= 
Properties Considered | Structural Steel | Rivet Steel 

Tensile strength......... lb. per sq. inch) 55,000-65,000 | 46,000-—56,000 

Yield point, min. .......!- lb. per sq. inch} 0.5 tens. str. 0.5 tens. str. 
: ; ; A 1,400,000a 1,400,000 
Elongation in 8 inches, min..... percent. == — See 
tens. str. tens. str. 
Elongation in 2 inches, min..... per cent 22 es tee aah & 


a See sec. 6. 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. Modifications in Elongation. (a) For structural steel over 34 
inch in thickness, a deduction of 1 from the percentage of elongation 
in 8 inches specified in sec. 5 (a) shall be made for each increase 
of 1% inch in thickness above 34 inch to a minimum of 18 per cent. 

(6) For structural steel under 546 inch in thickness, a deduction 
of 2.5 from the percentage of elongation in 8 inches specified in 
sec. 5 (a) shall be made for each decrease of %6 inch in thickness 
below %6 inch. 

7. Bend Tests. (a) The test specimen for plates, shapes and 
bars, except as specified in par. (6) and (c), shall bend cold through 
180 degrees without cracking on the outside of the bent portion, 
as follows: For material 34 inch or under in thickness, flat on 
itself; for material over. 34 inch to and including 114 inch in thick- 
ness, around a pin the diameter of which is equal to the thickness 
of the specimen; and for material over 1% inch in thickness, around 
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a pin the diameter of which is equal to twice the thickness of the 
specimen. 


‘0) The test specimen for pins, rollers and other bars, when 
prepared as specified in sec. 8 (e), shall bend cold through 180 
degrees around a l-inch pin without cracking on the outside of the 
bent portion. 


(c) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 


8. Test Specimens. (a) Tension-and bend-test specimens shall 
be taken from rolled steel in the condition in which it comes from 
the rolls, except as specified in par. (0). 


(b) Tension-and bend-test specimens for pins and roilers shall 
be taken from the finished bars, after annealing when annealing 
is specified. 


' not less than 9" 


Figure 1. 


(c) Tension-and bend-test specimens for plates, shapes and 
bars, except as specified in par. (d), (e) and (f), shall be of the full 
thickness of material as rolled; and may be machined to the form 
and dimensions shown in fig. 1, or with both edges parallel. 


(d) Tension-and bend-test specimens for plates over 114 inch 
in thickness may be machined to a thickness or diameter of at least 
34 inch for a length of at least 9 inches. 


(e) Tension-test specimens for pins, rollers and bars over 1144 
inch in thickness or diameter may conform to the dimensions 
shown in fig. 2. In this case the ends shall be of aform to fit the 
holders of the testing machine in such a way that the load shall be 
axial. Bend-test specimens may be 1 by 1% inch in section. The 
axis of the specimens shall be located at any point midway between 
the center and surface and shall be parallel to the axis of the bar. 


A. S. T. M.—STRUCTURAL STEEL FOR BUILDINGS 


(f) Tensien-and bend-test specimens for rivet steel shall be 
of the full-size section of bars as rolled. 


9. Number of Tests. (@) One tension-and one bend test shall be 
made from each melt; except that if material from one melt differs 
34 inch or more in thickness, one tension-and one bend test shall be 
made from both the thickest and the thinnest material rolled. 


(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 5 (a) and any pari of the fracture 
is more than 34 inch from the center of the gage length of a 2-inch 
specimen or is outside the middle third of the gage length of an 
8-inch specimen, as indicated by scribe scratches marked on the 
specimen before testing, a retest shall be allowed. 


---2"Gage length------ y 


NOTE:—The gage length, parallel portions and fillets shall be as 
shown, but the ends may be of any form which will fit the 
holder of the testing machine. 


FIGURE 2. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 


10. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be covered 
by the following permissible variations. One cubic inch of rolled 
steel is assumed to weigh 0.2833 pound. 


(a) When Ordered to Weight per Square Foot :— 
The weight of each lot! in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


1The term “‘lot’’ applied to Table J means all of the plates of each group width and group weight. 


21 


CARNEGIE STEEL COMPANY 


TABLE I.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PERMISSIBLE VARIATIONS IN AVERAGE WEIGHTS 
per Square Foor or Piares ror Wiptus Given, 
ExpresseD IN PERCENTAGES OF ORDERED WEIGHTS 


Ordered 
Weight, in. in. | 72 in, in. | 96 in. | 108 in. | 
Pounds to to to | 
per i 84 in, in. | 108 in. | 120 in. 
Square Foot E xcl. | excl. . | excl. |- excl. 


Over 
Under 
Over 
Over 
Under 


Crouet 
NNNNWN WWE RO 
ou 
VNWNNNNWWHWWH 
a 


1 WO O99 OO OS 


or 


an a _& 
NWNNNNNNNWWH 
Crener 
NWONNWWREUAD 
: ou _ on = 
WW www www 


oor 


on oT a an 
WWW WWW. 


[oil 


Cror ot 


Crore. 
VNOWE ROS 
(ed 


Cron tr tt 
WNUNNNWWWW WO 
PANATOS: : ; 


or 


NNNNNNWWARA 
WNNNNWNWWHW 
NUUNKWREATAT 
WW POT 
09 OH HS OV OT? S100 
WOR ROMANO: s : 


or ot 


Norn.—The weight per square foot of individual plat 
by more than 114 times the amount given in this table. 


(b) When Ordered to Thickness :— 
The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 
The overweight of each lot? in each shipment shall not exceed 
the amount given in Table II, 


TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


PprMissisLp Excess ry AVERAGE WEIGHTS 
PER SQUARE Foor or Piares For Wiptus GIvEn, 
EXPRESSED IN PERCENTAGES OF NOMINAL WEIGHTS 

Ordered 
Thickness, 
Inches in, in. in. | 84 in. | 96 in. 


Under 16) 0.55. 
te to %eexcl.... 
ie 
ee cara as 
“ 
en 
4 eS 
Fi 5 


Ra «4 5 
INOTZOVICL Neate 


WNW WROD 
NWWARUIARIDOO 
WWE RUAAIDOONW 


5 
5 
5 


2The term “Jot” applied to Table II means all of the plates of each group width and group thickness. 
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Vv. FINISH 


11. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


12. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly stamped 
on the end of each pin and roller. The melt number shall be 
legibly marked, by stamping, if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION 


13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
_works. 

14. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


15. Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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PHILADELPHIA, PA., U. S. A. 
AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


FOR 
BILLET STEEL 
CONCRETE REINFORCEMENT BARS 


SperraAL Designation: A15-14. 


These specifications are issued under the fixed designation A 15; the final 
number indicates the year of original issue or, in the case of revision, the 
year of last revision. 


AporrrEp, 1911; Revisep, 1912, 1913, 1914. 


Note Aporrep June 26, 1918. 


In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 
until otherwise ordered by the Society. 


1. Material Covered. (a) These specifications cover three classes 
of billet steel conerete reinforcement bars, namely: plain, deformed 
and cold-twisted. 


(b) Plain and deformed bars are of three grades, namely: 
structural steel, intermediate and hard. 


2. Basis of Purchase. (a) The structural steel grade shall be 
used unless otherwise specified. 

(b) If desired, cold-twisted bars may be purchased on the 
basis of tests of the hot-rolled bars before twisting, in which case 
such tests shall govern and shall conform to the requirements 
specified for plain bars of structural steel grade. 


I. MANUFACTURE 


3. Process. (a@) The steel may be made by the bessemer-or 
the open-hearth process. 
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(6) The bars shall be rolled from new billets. No rerolled 
material will be accepted. 


4. Cold-twisted Bars. Cold-twisted bars shall be twisted cold 


with one complete twist in a length not over 12 times the thickness 
of the bar. 


II. CHEMICAL PROPERTIES AND TESTS 


5. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


i BESSOMOM yy eucies. ss ieusl setae not over 0.10 per cent 


Phosphorus 
ii \Open-hearth pralegeicier suse aes te togace Seine O: OD mise urs 


(6. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur, This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 5. 

7. Check Analyses. Analyses may be made by the purchaser from 
finished bars representing each melt of open-hearth steel, and each 
melt, or lot of ten tons, of bessemer steel. The phosphorus content 
thus determined shall not exceed that specified in sec. 5 by more than 
25 per cent. 


Ill. PHYSICAL PROPERTIES AND TESTS 


8. Tension Tests. (a) The bars shall conform to the following 
requirements as to tensile properties: 


a PROPERTIES 


Plain Bars Deformed Bars 
Properties | | ioe 
Considered | Structural-| Inter- Hard Structural-| Inter- Hara Bass 
Steel mediate Grade Steel mediate Grad 
Grade Grade Grade Grade 
Tensile strength, BB EON F000 ap.000 |. EO | 7°,000-") £0,000. | Recorded 
b. per sa- teh, 79.90 | 85,000 | min | 70,000 | 85,000 | min. py 


“ls point, min., 
Ib. per sq. inch) 33,000 40,000 50,000 33,000 40,000 50,000 | 55,000 


Elongation in 
8 inches, min., 1:400,000a 1,300,0004 |1,200,000a |1,250,0004 |1,125,000a |1,000,000c | 5 


per cent} tens. str. tens. str. | tens. str. | tens. str. tens. str. | tens. str. 


a See gec. 9. 
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(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 

9. Modifications in Elongation. (a@) For plain and deformed bars 
over 34 inch in thickness or diameter, a deduction of 1 from the- 
percentages of elongation specified in sec. 8 (a) shall be made for 
each increase of % inch in thickness or diameter above 34 inch. 

(b) For plain and deformed bars under %6 inch in thickness 
or diameter, a deduction of 1 from the percentages of elongation 
specified in sec. 8 (a) shall be made for each decrease of %¢ inch 
in thickness or diameter below %6 inch. 

10. Bend Tests. The test specimen shall bend cold around a pin 
without cracking on the outside of the bent portion, as follows: 


Brenp Trst REQUIREMENTS 


Thickness Plain Bars Deformed Bars 
or 


: | 
pa ee Structural-. Inter- Hard | Struetural-|_ Inter- 


Steel mediate Steel | mediate | 
eo Grade | Grade | 74° | Grade | Grade 


Under 24 inch|180 deg. |180 deg. | 180 deg.| 180 Gee: 180 te? ee 180 0 dew. 180 deg. 
d=t d=2t | d=3t | d= (6 


34 inch | | 
or over... ./180 deg. | 90 deg. | 90 deg. |180 deg. | 90 deg. | 90 deg. |180 deg. 


—2t. 


d=t d=2t d=3t d=2t d=3t | d—=4t | d=3t 


EXPLANATORY Norn: d= the diameter of pin about which the specimen is bent; 
t=the thickness or diameter of the specimen. 


11. Test Specimens. (a) Tension-and bend-test specimens for 
plain and deformed bars shall be taken from the finished bars, and 
shall be of the full thickness or diameter of bars as rolled; except 
that the specimens for deformed bars may be machined for a 
length of at least 9 inches, if deemed necessary by the manufacturer 
to obtain uniform cross-section. 


(b) Tension-and bend-test specimens for cold-twisted bars 
shall be taken from the finished bars, without further treatment; 
except as specified in sec. 2 (6). 


12. Number of Tests. (a@) One tension-and one bend test shall 
be made from each melt of open-hearth steel, and from each melt, 
or lot of ten tons, of bessemer steel; except that if material from 
one melt differs 88 inch or more in thickness or diameter, one 
tension-and one bend test shall be made from both the thickest 
and the thinnest material rolled. 


(b) If any test specimen shows defective machining or develops 
flaws, it-may be discarded and another specimen substituted. 
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(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 8 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT 


13. Permissible Variations. The weight of any lot of bars shall not 
vary more than 5 per cent from the theoretical weight of that lot. 


Vv. FINISH 


14. Finish. The finished bars shall be free from i injurious defects 
and shall have a workmanlike finish. 


VI. INSPECTION AND REJECTION 


15. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

16. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 7 shall be reported 
within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with sec. 7, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 
until otherwise ordered by the Society. 


I. MANUFACTURE 


Process. The steel shall be made by the open-hearth process. 


Il. CHEMICAL PROPERTIES AND TESTS 


2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


Piosah ects If aes not over 0.06 per cent 

\Basic Se eA. ft ass 

Sully critter ieicas ts, fui Sasa rea St ee OODnv NS 
3. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 


his representative, and shall conform to the requirements specified 
in sec. 2. 
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4. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that specified in 
sec. 2. by more than 25 per cent. 


III. PHYSICAL PROPERTIES AND TESTS 


5. Tension Tests. (@) The material shall conform to the 
following requirements as to tensile properties: 
Tensile strength lb. per sq. inch 58,000-68,000 
Yield point, min lb. per sq. inch 0.5 tens. str. 


Elongation in 8 inches, min per cent 1:500,000 
See sec. 6. tens. str. 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 


Peres a A gat 
Yok" eterdon 


G-n------= Sp ae tS > 


Ficure 1. 


6. Modifications in Elongation. (a) For material over 34 inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 5 (a) shall be made for each increase of 1g inch 
in thickness above 34 inch, to a minimum of 18 per cent. 


(b) For material 144 inch or under in thickness, the elongation 
shall be measured on a gage length of 24 times the thickness of 
the specimen. 


7. Bend Tests. The test specimen shall bend cold through 180 
degrees without cracking on the outside of the bent portion, as 
follows: For material 34 inch or under in thickness, around a 
pin the diameter of which is equal to the thickness of the specimen; 
for material over 34 inch to and including 114 inch in thickness, 
around a pin the diameter of which is equal to 114 times the thick- 
ness of the specimen; and for material over 114 inch in thickness, 
around a pin the diameter of which is equal to twice the thickness 
of the specimen. 
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8. Test Specimens. (a) Tension-and bend-test specimens shall 
be taken from the finished rolled material, and shall not be annealed 
or otherwise treated, except as specified in par. (0). 


(b) Tension-and bend-test specimens for material which is 
to be annealed or otherwise treated before ure, shall be cut from 
properly annealed or similarly treated short lengths of the full 
section of the piece. 


(c) Tension-and bend-test specimens, except as specified in 
par. (d), shall be of the full thickness of material as rolled; and 
may be machined to the form and dimensions shown in fig. 1, or 
with both edges parallel. 


(d) Tension-and bend-test specimens for plates and bars over 
1% inch in thickness or diameter may be machined to a thickness 
or diameter of at least 34 inch for a length of at least 9 inches. 


9. Number of Tests. (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs 34 inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. 


(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


(c) Ifthe percentage of elongation of any tension-test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 


10. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations. One cubic inch 
of rolled steel is assumed to weigh 0.2833 pound. 


(a) When Ordered to Weight per Square Foot:— 


The weight of each lot! in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


 1The term “‘lot’’ applied to Table I means all of the plates of each group width and group weight. 
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TABLE I.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PERMISSIBLE VARIATIONS IN AVERAGE WEIGHTS 
PER Square Foor or Pirates ror WiptHs Given, 
EXPRESSED IN PERCENTAGES OF ORDERED WEIGHTS 


Ordered 
Weight, 48 in. | 60in. | 72in. | 84in. | 96 in. | 108in.| 120in . 
P = Under | __ to to to to to to to | 132in 
Square Foot > 
5 5 5 5 5 i] 5 GI Ly 
Sig] S/o! Sia] Slo] Siu} Sis} Sic} Bis] Sic 
'5|/5/6/8|5/8/6/8/5/5|6|8/ |S |S |£|6 (2 
Winder 5).c ca. Sisco iO Ns Ite 1d eles. ee en ats kets 
5° to 7.5 excl. 4.53 5 |S 15.5138 |6 13 |...\... kets SG Ae ltec 
7.5 to 10 ANS? 4051815 WS 15-5189 6 3") ONS: USB yeaa. | ete stlecere 
10 to12.5 “ |3.5/2.5/4 |3 /4.53 |5 |3 [5.53 |6 |38 17 38 |8 3 |9 3 
2p to 5) “ 13 /2.5/3.5/2.5/4 |3 |4.53 |5 13 |5.5/33 16 |38 |7 )3 |8 3 
15 to17.5 “ |2.5/2.5/3 |2.5/3.5/2.5/4 |3 |4.53 15 |8 |5.538 |6 3 |7 |8 
17.5 to 20 © {2.512 4|2.5|2.5/3 |2.5/3.512.5/4 13 14.538 |5\\8- 15.58 |6 18 
20 to 25 “12 12° 12.512 12/5/2.513 12.5/3.512.5)4 |8 14.538 |5 (8 5.5/8 
25 to 30 =~ 12, 12> (2) 12 12.512 (2,512.53 12.53.58 14 |8. [4.58 15 13 
30 to 40 C2 2) 122 2 2252 2.52 513 2.5/3.5 4 13 alg 
40 OPrlOVer..-% .2.|2" |2 |242 |2 12 (2 |2 12.52) 12.52.5138 |2 53 |4 8 
Notn.—The weight per square foot of individual plates shall not vary from the ordered weight 


by more than 144 times the amount given in this table. 
(b) When Ordered to Thickness:— 
The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 
The overweight of each lot? in each shipment shall not exceed the 
amount given in Table IT. 


TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


PrrmissipLte Excess In AVERAGE WEIGHTS 
PER Square Foor or Prares For Wipras GIvEN 
ExpresseD IN Prrcentacus or Nomina WuicHTs 
48 in. i 
Under to to to to to to to 
48 in. | 60 in. | 72 in. | 84in. | 96 in. | 108 in. | 120 in. | 132 in OF 
excl. | excl. | excl. | excl. | excl. | excel excl over 
Wnderteaue 225) 9 10 12 14 Py Set) Sere ofr 
% to %eexcl.... 8 9 10 12 ay Nh eee a 
346 to 4 Seat a 8 9 10 12 ea pst 
1% to 6 6 7 8 9 10 12 14 16 19 
Big tO! S80 oan |) 6 a 8 9 10 12 14 air 
$610 "46 OS A ALS 5 6 a 8 9 10 12 15 
Ag tOnyee Bee ey nein A 4.5 5 6 7 8 9 10 13 
we to%®% * 3.5 4 4.5 5 6 7 8 9 11 
5g to $4“ 3 3.5] 4 4.5 | 95 6 7 8 9 
34 to 1 ee 2:9 3 3.5 4 4.5 5 6 7 8 
1 or over.. 2.5 2D) aed 3.5 4 4.5 5 6 fy 


2The term “lot” applied to Table II means all of the plates of each group width and group thickness. 
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Vv. FINISH 


it Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


12. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly rolled or stamped on all finished 
material. The melt number shall be legibly stamped on each test 
specimen. 


VII. INSPECTION AND REJECTION 


18. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 


14. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


15.+ Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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A. S. T. M.—RIVET STEEL FOR SHIPS 


AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


FOR 


RIVET STEEL FOR SHIPS 


SERIAL DESIGNATION: A13-14. 


These specifications are issued under the fixed designation A 13; the final 
number indicates the year of original issue or, in the case of revision, the 
year of last revision. 


ADOPTED, 1901; RervisEep, 1909, 1913, 1914. 


Nore Apoprep June 26, i918. 


Tn view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steeis and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the» period of the war and 
until otherwise ordered by the Society. 


A. Requirements for Rolled Bars. 


I. MANUFACTURE 


1. Process. The steel shall be made by the open-hearth process. 


Il. CHEMICAL PROPERTIES AND TESTS 


2. Chemical Composition. The steel shall conform to the follow- 
ing requirements as to chemical composition: 


ii Aci not over 0.06 per cent 
| Basic Ca. 49ucnmmn 
Sulphur eee CN OL045 ve” 5 


Phosphorus 


3. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
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composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 2. 


4. Check Analyses. Analyses nay be made by the purchaser from 
finished bars representing each melt. The phosphorus and sulphur 
content thus determined shall not exceed that specified in sec. 2 by 
more than 25 per cent. 


III. PHYSICAL PROPERTIES AND TESTS 


5. Tension Tests. (a) The bars shall conform to the following 
requirements as to tensile properties: 


Tensile strength Ib. per sq. inch 55,000—65,000 


Yield point, min lb. per sq. inch 0.5 tens. str. 
1,500,000 


nea. ‘ i = 
Elongation in 8 inches, min per cent ae aaa 


See sec. 6. 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 


6. Modificationsin Elongation. For bars over 34 inch in diameter, 
a deduction of 1 from the percentage of elongation specified in 
sec. 5 (a) shall be made for each increase of 14 inch in diameter 
above 34 inch. 


7. BendTests. The test specimen shall bend cold through 180 
degrees flat on itself without cracking on the outside of the bent 
portion. 


8. Test Specimens. 'Tension-and bend-test specimens shall be of 
the full-size section of bars as rolled. 


9. Number of Tests. (a) Two tension-and two bend tests shall 
be made from each melt, each of which shall conform to the require- 
ments specified; except that if bars from one melt differ 34 inch or 
more in diameter, one tension-and one bend test shall be made from 
both the greatest and the least diameters rolled. 


(b) If any test specimen develops flaws, it may be discarded 
and another specimen substituted. 


(c) Ifthe percentage of elongation of any tension-test specimen 
is less than that specified in see. 5 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 
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IV. PERMISSIBLE VARIATIONS IN GAGE 


10. Permissible Variations. The gage of bars 1 inch or under in 
diameter shall not vary more than 0.01 inch from that specified; 
the gage bars over 1 inch to and including 2 inches in diameter 
shall not vary more than %4 inch under nor more than Y2 inch over 
that specified. 


Vv. FINISH 


11. Finish, The finished bars shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


12. Marking. Rivet bars shall, when loaded for shipment, be 
properly separated and marked with the name or brand of the 
manufacturer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 


VII. INSPECTION AND REJECTION 


13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

14. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(b) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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B. Requirements for Rivets. 


I. PHYSICAL PROPERTIES AND TESTS 


16. Test Certificate of Rolled Bars. A copy of the results of tension 
tests of the rolled bars from which the rivets were made shall be 
furnished for each lot of rivets. 


17. Tension Tests. If the test certificate required in sec. 16 can- 
not be furnished, the rivets shall conform to the requirements as 
to tensile properties specified in secs. 5 and 6, except that the 
elongation shall be measured on a gage length as great as the 
length of the rivets tested will permit. 


18. BendTests. The rivet shank shail bend cold through 180 
degrees flat on itself, as shown in fig. 1, without cracking on the 
outside of the bent portion. 


Fiaure 1. Figure 2. 


19. Flattening Tests. The rivet head shall flatten, while hot, to a 
diameter 21% times the diameter of the shank, as shown in fig. 2, 
without cracking at the edges. 


20. Number of Tests. (a@) When required in accordance with 
sec. 17, one tension test shall be made from each size in each lot 
of rivets offered for inspection. 


(6) Three bend-and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection, each of which 
shall conform to the requirements specified. 


II. WORKMANSHIP AND FINISH 


21. Workmanship. The rivets shall be true to form, concentric; 
and shall be made in a workmanlike manner. 


22. Finish. The finished rivets shall be free from injurious 
defects. 
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iil. INSPECTION AND REJECTION 


23. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the rivets ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the rivets are being furnished in accord- 
ance with these specifications. All tests and inspection shall be 
made at the place of manufacture prior to shipment, unless other- 
wise specified, and shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 


24. Rejection. Rivets which show injurious defects subsequent 
to their acceptance at the manufacturer’s works will be rejected, 
and the manufacturer shall be notified. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED, WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


STRUCTURAL STEEL FOR CARS 


SERIAL DerstGNaTIon: A11-16. 


These specifications are issued under the fixed designation A 11; the final 
number indicates the year of original issue or, in the case of revision, the 
year of last revision. 


ApvopTep, 1914; Revisrep, 1916. 


Nort Apoprrep JuNE 26, 1918. 


In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 
until otherwise ordered by the Society. 


1. Material Covered. These specifications apply to shapes, plates 
and bars over ¥ inch in thickness. 
I. MANUFACTURE 


2. Process. ‘The steel shall be made by the open-hearth process. 


Il, CHEMICAL PROPERTIES AND TESTS 


3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


STRUCTURAL STEEL AND 


Puates FoR Coup PRESSING River Sreen 
Paeschores i A Cla ee not over 0.06 per cent not over 0.04 per cent 
\Basic..... SP OOa ates co e004 came 


SUD MUR se certevees eterectiiene +2 PoMrO: 05 "as as Sad: AO.04b eo aeee 
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in sec. 3. 


TIT. 


6. (a), Lhe 


Tension Tests. 


material shall 
following requirements as to tensile properties: 


4, ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of, carbon, 
manganese, phosphorus and sulphur. 
from a test ingot taken during the pouring of the melt. 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 


This analysis shall be made 


5. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. 
sulphur content thus determined shall not exceed that specified in 
sec. 3 by more than 25 per cent. 


PHYSICAL PROPERTIES AND TESTS 


The chemical 


The phosphorus and 


conform to the 


Properties Considered 


Structural 
Steel 


Rivet 
Steel 


* Plates for 
Cold Pressing 


Tensile strength. ...lb. per sq. inch 
Yield point, min .. .lb. per sq. inch 


Elongation in 8 in., min., per cent! 


1See sec. 7. 


beam of the testing machine. 


7. Modifications in Elongation. 


546 inch. 


8. Bend Tests. 


bent portion, as follows: 


50,000—65,000 


45,000-—60,000 


48,000—58,000 


0.5 tens. str. | 0.5 tens. str. | 0.5 tens. str. 
1,500,000 1,500,000 1,500,000 
tens. str. tens. str. tens. str. 


(a) For material over 34 inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 6 (a) shall be made for each increase of 1 inch in 
thickness above 34 inch, to a minimum of 18 per cent. 
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(b) The yield point shall be determined by the drop of the 


(b) For material under 5.6 inch in thickness, a deduction of 
2.5 from the percentage of elongation in 8 inches specified in sec. 
6 (a) shall be made for each decrease of 146 inch in thickness below 


(a) The test specimen for structural steel shall 
bend cold through 180 degrees without cracking on the cutside of the 
For material 34 inch or under in thickness, 
flat on itself; for material over 34 inch to and including 114 inch in 
thickness, around a pin the diameter of which is equal to the 
thickness of the specimen; and for material over 114 inch in thick- 
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ness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 


(b) The test specimen for rivet steel and plates for cold 
pressing shall bend cold through 180 degrees flat on itself without 
cracking on the outside of the bent portion. 


9. Test Specimens. (a) Tension-and bend-test specimens shall 
be taken from the finished rolled material. 


(b) Tension-and bend-test specimens, except as specified in 
par. (c), shall be of the full thickness of material as rolled; and 
may be machined to the form and dimensions shown in fig. 1, or 
with both edges parallel. 


(c) Tension-and -bend-test specimens for plates and bars over 
1% inch in thickness or diameter may be machined to a thickness 
or diameter of at least 34 inch for a length of at least 9 inches. 


10. Number of Tests. (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs 3g inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. Shapes less than 1 sq. inch in section, and bars, except 
rivet rods, less than % sq. inch in section, need not be subjected 
to a tension test. 


e----About 8.» 9 ,Parallelsection, 
\ | not less than 9} 


1 
i 


-About 2°-7 


\ t ' eat 
ps1" ete. rdoy 
H iesatan bea Q"-------- > 


Figure 1. 


(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe. scratches marked on the specimen before testing, a retest 
shall be allowed. 
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IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 


11. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations. One cubic inch 
of rolled steel is assumed to weigh 0.2833 pound. 


(a) When Ordered to Weight per Square Foot :— 


The weight of each lot! in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


TABLE I.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PrrMissiBLp VARIATIONS IN AvERAGE WEIGHTS 
PER SQuARE Foor or Pirates ror WiptHs GivEN, 
ExpresseD IN PrrcenTAGES OF OrpERED WriGcHTs 


Ordered Nl 
Weight, | 48 in. in. | 72in. | 84 in. | 96 in. | 108 in. 
Pounds Under} to to to to 0) 
pet 48in. 60in. | 72in. | 84in. | 96 in. | 108in. | 120 in. 
Square Foot excl. excl. excl. | excl. | excl. | excl. 


| 
| 


Over 
Under 
Under 
Over 
Under 


Wadena vies 
5) to 7.5 excl, 
7.5 to 10 " 

10 to 12.5 

12.5 to 15 

15 to 17.5 

17.5 to 20 

20 to 25 

25 to 30 

30 to 40 

40 or over 


Notre.—The weight per square foot of individual plates shall 
by more than 114 times the amount given in this table. 


On a 7 
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WWW WW ROOION 
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WWWHwWwWwWww- : 
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COTE CUCK ON 0077: 
o AAS 
WC WWW: =: 
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NNONWWNWOWWWH 
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WwW wWwotw: +: 


on 
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NOWRA: : 
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2. 


VONNNWWR RAT 


eX) 


5 


ot vary from the ordered weight 


NNONNNWWHOW RRS 
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iS) PRI CO IES SEX CCIE IT 


(b) When Ordered to Thickness :-— 
The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 
The overweight of each lot? in each shipment shall not exceed the 
amount given in Table IT. 


1The term ‘‘lot’’ applied to Table I means all of the plates of each group width and group weight. 
2The term ‘‘lot’’ applied to Table II means all of the plates of each group width and group thickness. 
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TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


PermissisLe Excess in Averace WEIGHTS 
PER Square Foor or Piates For WipTHs GIVEN, 
EXPRESSED IN PERCENTAGES OF NoMINAL WEIGHTS 
Ordered Peke es iy : 
Thickness, | +] ; 
Inches 48 in. | 60 in. | 72in. | 84in. | 96 in. | 108 in.| 120 in. | 499 ad 
Under to to to to to .| to to oe 
48 in. | G0 in. | 72in. | 84in. | 96 in. | 108 in. | 120in.| 132in. | Qo. 
excl. | excl. | excl. | excl. | excl. excl. | excl. 
| 
Under \& 9 10 12 14 bites ae Sete phate 
¥e to %¢ excl 8 9 10 12 aes 55, met 5 ares 
%eto% “ i 8 9 10 12 sees [eeee yee 
kA to %e “ 6 76 8 9 10 12 } 14 16 19 
Seto 3% ‘ 5 6 rd 8 9 10 12 14 17 
8% tote ‘ 4.5 is 6 é 8 9 10°) 32 15 
Astow 4 4.5 5 6 7 8 9 10 13 
% to ‘ 3.5 4 4.5 5 6 v4 8 9 p OT 
58 to $4 3 3.5 4 4.5 5 6 7 8 9 
84 to l oy 2.5 3 3.5 4 4.5 5 6 if 8 
AOR. OVONS ca 2.5 2.5 3 3.5 4 4.5 5 6 7 
V. FINISH 


12. Finish. The finished material shal] be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


13. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly rolled or stamped on all finished 
material, except that rivet bars and other small sections shall, when 
loaded for shipment, be properly separated and marked for identi- 
fication. The melt number shall be legibly marked, by stamping, 
if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION 


14. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the material is being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 
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15. Rejection. (a@) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 


(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


16. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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ORDERING MATERIAL 
GENERAL INSTRUCTIONS 


Structural steel for bridges, buildings, cars and ships, steel 
reinforcement bars and rivet steel are rolled to permissible variations 
given in the specifications of the American Society for Testing 
Materials and of the Association of American Steel Manufacturers. 
In cases of design which require close fitting, allowance should be 
made for rolling variations so as to insure ample clearances between 
abutting or interfitting surfaces. 


All dimensions given on profiles are theoretical. The exact 
dimensions of actual sections depend on conditions of rolis at time 
of manufacture. 


Wherever the profile applies to more than one weight of section, 
the dimensions are for the normal profile, which is the section of 
minimum thickness unless otherwise indicated in bold type. Sections 
having but one weight specified can be rolled only to the weight 
given. 

Weights of rails are given per lineal yard of section but, unless 
otherwise indicated, all other weights are per lineal foot. Structural 
Sections should be ordered to weight per foot, length in feet and 
inches. Orders for Plates should specify all dimensions in inches. 
Orders for Rounds, Squares and other bar mill products should 
specify width and thickness in inches and length in feet and inches. 
Rails, Ties and other track accessories should be ordered by section 
number and not by weight per foot. 


Section number should be specified on orders for all sections. 


The Association of American Steel Manufacturers has recom- 
mended certain angle sections as standard for bridge, car, ship and 
general building construction, and quicker deliveries can be obtained 
by ordering these standard sizes. Angles not standard are marked 
“‘special’”’ on the profile pages. 
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METHOD OF INCREASING SECTIONAL AREAS 


The above figures show the method of increasing the sectional areas and 
weights of structural shapes. Cross hatched portions represent the minimum 
sections and the blank portions the added areas. 

In the case of Channels, and I-Beams the enlargement of the section adds 
an equal amount to the thickness of the web and the width of the flanges. 
In the case of Angles and Zees, the effect of spreading the rolls is slightly 
to increase the length of thelegs. In the case of Ship Building Bulb Angles, 
as arule, each increase or decrease in web thickness carries with it about 
one-half that increase or decrease in flange thickness. 

Inasmuch as the roll passes are modified in the wear of the rolls, the 
actual dimensions will not always conform to the theoretical, even in the 
case of the minimum weight sections. Designers and detailers of structural 
work should arrange for ample clearances. 
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BEAMS AND CHANNELS—Common Dimensions 


STRUCTURAL BEAMS 


AmmRICAN STANDARD SECTIONS 


MINIMUM SECTIONS: 
n=minimum web=t 
R=minimum web + 0.10” 
r=649 minimum web 

Slope of Flange, 1: 6-=1624%=9° 27’ 44” 


STRUCTURAL CHANNELS 


American STANDARD SEcTIONS 


et 


MINIMUM SECTIONS: 


n=minimum web =t 
R=minimum web + 0.10” 
=649 minimum web 
Slope of Vlange, 1: 6 — 1624% = 9°27’ 44” 


SHIP BUILDING CHANNELS 
AMERICAN STANDARD SECTIONS 


n= te—0.03492a 
R=te 
Slope of Flange==2°==3.492 % 


Dimensions for Structural Beams are those adopted by the Association of 
American Steel Manufacturers and apply to all Structural Beams, except 
American Standard Sections B 1, B 2 and B 3, also Sections B 18 and B 19. 

The dimensions of the Supplementary Beams, B 61 to B 68, inclusive, 
cannot be readily reduced to formulas. Slope of flange is 1 :11=—=5° 11’ 40”. 

Dimensions for Structural Channels are those adopted by the Association 
of American Steel Manufacturers and apply to all Structural Channels, 
except Sections C 20, C 60 and C 170. 

Dimensions for Ship Building Channels are those adopted by the 
Association of American Steel Manufacturers and conform to the 1903 
Standards of the British Engineering Standards Association; they apply to 
all Ship Building Channels. 
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STRUCTURAL BEAMS 
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Section 


Depth of | Weight | Flange Width, | Web Thickness, 
Index 


Beam, per Foot, Inches Inches 
Inches Pounds 


Decimal | Fractional | Decimal Fractional 


PST 1 eaee 90.0 | 9.00 |. 0.524 T7ho 
*Supplementary Beam. 
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STRUCTURAL BEAMS—Continued 
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a ny 


—— 3.625”— 
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) 
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7.00” 
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| 


is 
| 


-—- 3.250; § 


Depth of 
Beam, 
Inches 


Weight 
per Foot, 
Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 


f Decimal q 


Fractional P 


Fractional 


1eVat 
(Old No. 


8 
B24) 


115.0 
110.0 
105.9 


100.0 
95.0 
90.0 
85.0 
79.9 


7.987 
7.925 
7.875 


7.247 
7.186 
7.124 
7.063 
7.000 


T8%4 
75%. 
7% 
74 
TAG 
1% 
THe 
if 


BEAMS 


Web Thickness, 
| Fractional 


Inches 


Decimal 


MH 
G05 seer => 


ee 
Flange Width, 
| Fractional 


3 
B} 
a 
~ 
q 
[o) 
J 
Z 
& 
aa) 
4 
<x 
eat 
=) 
ie 
iS 
=) 
ea 
el 
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/9LF'0" 


*Supplementary Beam. 


CARNEGIE 


STEEL COMPANY 


STRUCTURAL BEAMS—Continued 


--—-—---—--—------ > 


(ee 


ene - ——  —- — —— — — — —- —-— --16, 448 


| 
| 
ie 


eee | 


——— 16.925 ——--—— 


Section 
Index 


Inches 


per Foot, 
Pounds 


Flange Width, 


Inches 


Web Thickness, 
Inches 


“Decimal 


Fractional 


| Decimal 


Fractional 


100.0 
95.0 
90.0 
85.0 
81.4 


75.0 
70.0 


65.4 


7.273 
7.200 
7.126 
7.053 
7.000 


6.391 
6.317 
6.250 


TY 
T1364 
7% 
TY 


( 
25/4 


6A 
6% 


0.873 
0.800 
0.726 
0.653 
0.600 


0.641 
0.567 
0.500 


BEAMS 


STRUCTURAL BEAMS—Continued 


L 


uw 


Se ae SE 


<---8,220 


he 


s-esese=~- 


” 


6,00 


a nena 18 


Pa 
‘ 
‘ 
‘ 
1 
' 
! 
1 
i 
' 
1 


” 


~~-------1,50 


4 Flange Width, Web Thickness, 

Section B Inches Inches 
Index Se) e 

Inches 


Decimal Fractional Decimal Fractional ; 


| 0.796 
0.714 
0.632 
0.560 


0.711 
0.629 
0.547 
0.460 


B19 
(Old No. B81) 


18 


Don Nwweo 
SAS SHS 


BAA 
(Old No. B80) 


#B reas bis. 0) 3.2 b 0.380 
*Supplementary Beam. 


CARNEGIE STEEL COMPANY 


STRUCTURAL BEAMS—Continued 
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K------6.004— 


Se a a 


” 


mime 


fo 2 n= --10. 195 = =- = == 3 = - 


=! 40.332” 


a 
for} 
oOo 
b 


” 


k--- 3,209"--2! 


Secti Depth of Weight Flange Width, Web Thickness, 
ction 


es Wag ey per Fook, | Inches ie Inches 
Inches | Pounds Decimal Fractional Decimal Fractional 
75.0 6.278 6% 0.868 | ie 
6 70.0 6.180 6%6 | 0.770 | 4% 
15 M4. 
(Old No. B5) ‘4 65.0 6,082 8% 0.672 |, 48%4 
60.8 6.000 0.590 %. 


55.0 5.738 0.648 


B7 15 50.0 | 5.640 54%4 | 0.550 854 
45.0 5.542 53564 0.452 2% 


42.9 5.500 0.410 


*B 65 


15 37.3 


6.750 0.332 


* Supplementary Beam. 


}<-—————— 5,254 -___—___-y 


BEAMS 


rey ee 4 


W“ 


<-—-——~~5.00 


uw 


eee 2 
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S 
aR 


n” 


te —-2.395 


B9 


10.284” 


2,325-—-—-! 


\ 
1 
— 


" 


nam — alg 


*---- 2.858 


Flange Width, 


Web Thickness, 


. Depth of Weight é s 
ne Beam, per Foot, | Inches : Inches “< 
Tnehes Pounds Decimal Fractional Decimal | Fractional 
55.0 | 5.600 51%j9 0.810 134 4 
B 8 12 50.0 | 5.477 581G4 0.687 | 1146 
% 45.0 | 5.3855 52354 0.565 946 
40.8 | 5.250 5, 0.460 
35.0 5.078 55G4. 0.428 
Ne ee 31.8 | 5.000 5. 0.350 | 
*B 66 12 27.9 | 6.000 6 0.284 | 


*Supplementary Beam. 


CARNEGIE STEEL COMPANY 


STRUCTURAL BEAMS—Continued 4_% 339” 


pre 


k———-—--4,66-—— 


5.50" --=----~---- 


” 


$e ee 
«----2,624 


o 
: 
BS 


Voss 


le—2,020! 


hes: Hence Wideh, | Web Thieme 
; Depth of Weight me : e 
aioe Beam, per Foot, Inches e Inches 
Inches Pounds Decimal Fractional Decimal Fractional 
| 

Feo 40.0 | 5.091 58% 0.741 | 4% 
35.0 4.944 4154 0.594 | 1%» 
(Old No. B 11) au 30.0 4.797 A5Ufe 0.447 2/4 
25.4 | 4.660 4215 0.310 46 

*B 67 10 22.4 5.500 5% 0.252 \, 
35.0 4.764 44M 4 0.724) 285 

Bil 9 30.0 4.601 41965 0.561 he 
(Old No. B 13) 25.0 4.437 AIAG 0.397 25/4 
21.8 4.330 424 0.290 1%} 4 


*Supplementary Beam. 
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BEAMS 


STRUCTURAL BEAMS—Continued 
“| 10.270” 


i2 
tm 
ro) 
- 
ES 


” 


oT Ne 


'<—-1,865 


<< 
| 
i 


“ 0. Te” 


ee Nw! SR, 


wt 


ee 


Sete sepeiaa ostpctes Sse 


” 


e 
‘yet 


5.00 


PS ee ee 


keo-==-2,390° 


” 


carom => 


0.15” 


“eee Si So 


3 = 


Flange Width, Web Thickness 
: Depth of Weight , 
cou Beam, per Foot, Inches Inches 
Inches Pounds Decimal | Fractional Decimal Fractional 


25.5 4.262 Aig s-\ - O532> |e tyes 

ae i 23.0 4.171 AY 0.441 The 

(Old No. B 15) 20.5 4.079 4564 0.349 Yo 
18.4 0.270 | 1% 


*B 68 8 17.5 5.000 5 | 0:220° | 


20.0 : 0.450 
B13 7 17.5 3.155 354 0.345 Yo 
(Old No. B17) 15.3 3.660 B2Vyo 0.250 Uy 


*Supplementary Beam. 
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CARNEGIE STEEL COMPANY 


STRUCTURAL BEAMS—Concluded 
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-———— 3.589” ———__ 
0.210” 


———ls 


}¢----3.00"-—— 


x 
Nash ore se al 
: 0.396” 3 
= ee 
3 \ 
: i 
P COU fas oo 
a rs 


| 78 | Flange Width Web Thickness 
: | Depth of Weight e , , 
oe ee | TEE per Foot, | Prches bes Inches 
psa phe! Decimal | Fractional | Decimal | Fractional 
Bl4 B 
(Old No. B19) ee 


3.330 32164 0.230 1564 


if 4 
17.25 3.565 | 3% 0.465 15 
‘| 3.443 | 3%e | 0.343 | Ie 

| 


ae | 14.75 3.284 | 0.494 | 
(Old No. B21) 5 12.25 3.187.| (3% | 0.847 Whe 
10.0 3.000 3 0.210 13,4 


2370. | 7% | 0.400 
B16 Z 9.5 2.796 | Ye 0326) peta 
(Old No. B23) 8.5 | 2.723 22865 | 0.253 yy 
2.660 | 22% 0.190 346 


| 

| 
mie | 2.509 | 0.349. | 2 
(la No.B77) 3 Gab > ear | 218. | 0.251 | .%4 
| 2.330. 22%, 0.170 | Mes 


BEAMS 


H-BEAMS 
Roc ba oe. eae on rae 
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| er 7 a eee 
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19 uy H2 
| | e 
| 1 
! | i 
| | 
| | | 
=¥: L 
zl ath 
v ¥ wf 
3 ry sl wey 
SK------ 3.813+———-> 8 Se —— 2, Git ol 8 
i) S ° 3S 
ae 64-—--~---—-—- > 
' 
x 
— 
| * 
k----——4%-—-- —- 


a 


Ss 
os 
3 
~ Rs A 
o aD 
Slew Jet al 
| ! 
e 0.31373) |--¥ 


+ es 
i ee a, is 
Bik--—-2.8444——3) S cles B44", 5 
oS Ss rm Ss 
| ae Flange Width, "Web Thickness 
A Depth of | Weight | i 
Pesan | Beam, | per Foot, | Inches Tnches 
_ Inches | Pounds Decimal | Fractional mipeciiat i Fractional 
| : 4 
msl lets | 34.3 | g.000 | 8 | 0.375 % 
ia) gi | 6 24.1 6.000 | 6 0.313 Ae 
i202) | i) | 18.9 5.000 | 5 | 0.313 “6 
US | Ler ao hg es;8 | 4000 | 4 | 0.313 he 


H-Beams shown on this sheet are particularly adapted for use in inside mine timbering. Full 
lean as to their properties and uses is given in separate pamphlets entitled ‘‘Stee! Mine 
imbers 


CARNEGIE STEEL COMPANY 


SHIP BUILDING BULB ANGLES 


oO 


American Standard Sections 


Fa 


k= == =-gi4%--- ==>) 


BA 195 


pore Ca eee jet AE pee 
BA 196 


fy-- === 


3h 


” 


e->.525" 
(ahi 


Gann sem 
i ml a 


” 


BA 197 (BSBA 18) 


” 


525 | 


--------> 
k-------3h 


” 


a 
SN 
oO 

i 
' 
| 
i 
1 
| 
x 


' 
” 
yw === 


BA 206 (BSBA 17) 
.5007 


wide hone $44 


1 
i) 
le 


oi | ” Flange Width; Web Thickness, |e 
ee | Inches Inches Inches ae 


Decimal | Fractional | Decimal | Fractional | Decimal | Fractional Pounds 


0.725 234. 35.2 
0.675 | 332 


0.625 31.1 
0.575 : 29.1 


0.525 ; 26.9 
0.475 : 24.9 


BA 195} 10.000 10 3.500 3% 


BA 196 | 10.000 10 3.500 3% 


BA 197 by 
(BSBA 18) 10.000 10 3.500 3% 


BA 205| 9.500 9% 3.500 3% ey Wh as 


0.500 é 24.7 


BA 206 ‘ 4 
9.500 9% | 3.500 3% Bis ; eas 


(BSBA 17) 


Dimensions of British Standard Sections are indicated in bold type. 


BULB ANGLES 
SS SE a, Se es ee eae 


675 6---> SHIP BUILDING BULB ANGLES—Continued 


= American Standard Sections 
t 
AY 
an 
oo BA 201 Seay — 
I ” i acts 
! 675 = 
1 { 
L. 
<i 
ast 
ine) 
AB <> aa a 
alae: : 
d 
| = 1 
me 
: - _ BA 203 (sBaA 16) 5T5 
4475" 4 
! 1 
Se ! 
0 
AT 
Ae 1 
: , ee 
eb os Seen a See cee Sed ot 
a ; 
oD 
i BA 209 (BSBA 14) ra 
1 475” 3 
' a 
\ ay 
She es a AE | Te eae es 4 
5 ee Sete Stee yan. 1 Weta | a 
Section Inches Inches Tnches E Sent 
Index ae men oot, 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional Pounds 
‘ 0.675 4364 30.4 
. BA 201 | 9.900 9 3.500 314 0.625 5G 28.6 
0.575 8164 26.6 
BA 202 9.000 9 3.500 3Y% 0.525 1h 24.8 
BA 203 : 0.475 1569 22.7 
BSBA 16)| 9-000 9 3.500 3% 6495 Tag 200 
: 0.575 8% | 25.3 
BA 208 | 8.500 8% 3.500 BY 0.525 1h 23.5 
0.475 1545 21.6 
BA 209 Lee 
(BSBA 14) 8500 ee eae 3% 0.425 hg 19.8 


Dimensions of British Standard Sections are indicated in bold type. 
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CARNEGIE STEEL COMPANY 


SHIP BUILDING BULB ANGLES—Continued 


American Standard Sections 


a) 
eae 
1 ie rae oS wie 


BA 212 (BSBA 13) 


314--=---2 


eee 


” 


en -- = Bi 


Flange Width, Web Whicknes 
ee I Inches Inches per Foot, 


Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds 


Section Inches Weight 


0.550 35(, 23.4 
BA 211) 8-500 & 3.000 0.500 Vs 21.7 


0.450 |: 19.8 
BA 212 
(BSBA 13)| °° ees 0.400 18.1 


: 0.550 356. 23.2 
BA 214] 8.000 3.500 é 0.500 y, 21.6 
BA 215 


0.450 29%, 19.6 
(BSBA 12) | 8-000 3.500 6 0.400 Yo 18.0 


0.575 87 23.1 
2 OQ. 
BA 217} 8.000 8 3.000 0.525 be 21.4 


Dimensions of British Standard Sections are indicated in bold type. 


BULB: ANGLES 


SHIP BUILDING BULB ANGLES—Continued 
American Standard Sections 


B25 BA 218 (BSBA 11) 
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fp tacaecion sees 
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H "A 
1 1 
i ! 
1 {! 
(ee 1 
«! 
Sau 
oO 
1 
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525 > H 
1 
1 
ne 


pena pataay se 
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“> 
7 
i 
aS) 
an 
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feed 


a 
a ee 71 fof ————— 
= 
47 BA 224 (BSBA 9) 
UA 
a -425 | 
vas : naw 
ast ae etme pur ce a en A , 
can ae ‘Flange Width, Web ideeneas reac 
Section jeche Inches : Inge | Weight 
Index : ane per Foot, 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds 
0.475 1545 19.6 
2A 218 P. 
COR ip| 3-000 8 3.000 3 0.425 Thy | 18.0 
; 0.575 | ‘8% | 22.8 
BA 220} 7.500 TY 3.500 3Y% 0.525 ithe | 21.2 
BA 221 kes 0.475 1562 | 19.4 
(BSBA 10)| 7-900 mn BEY 3% 0.425 ey | «17.8 
i | 
: : 0.525 1%. | 20.3 
BA 223 | 7.500 7H 3.000 3 0.475 | 156. | 18.8 
0.425 2g 17.1 
eae e) 7.500 7% 3.000 3 0.375 % | 15.6 
1 } 


Dimensions of British Standard Sections are indicated in bold type. 
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CARNEGIE STEEL COMPANY 


SHIP BUILDING BULB ANGLES—Continued f-7..525" 


. . a 9 
American Standard Sections 
“ 
I 9° 
425 a Rigas BA 226 
nee 10 * H 
: . Pe -525.: : 
pies 4 
ae lB San eee eel ete en = eee 
® 
H BA 227 (BSBA 8) ” 
,-500 
1 “A” 
Xe ‘ 
H 
a! 
3 
- 
i a 
1 
{ 
BA 230 (BSBA 7) ae 400” 
= px 
/ 1400” 
i 
| ” y 
Se Sa 
a 
we BA 233 (BSBA 6) 
S 400% 
cm ob 
PRIME jot aes Sites ee aes 2 
“Depth, | lange Width, | Web Thicknes) = 
Section Inches Inches Inches Weight 
Index 2] per Foot, 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds 
2 | ; 0.525 1% 20.0 
BA 226 | 7.000 7 3.500 3Y% 0.475 1588 18.6 
BA 227 0.425 2% 16.8 
(BSBA 8) 7.000 a 3.500 3% 0.375 3% 15.3 
5 0.500 ye 18.4 
BA 229} 7.000 a 3.000 3 0.450 294 16.9 
| 
0.400 1365 15.3 
BA 230 S30 
(BSBA 7) | 7-000 “i 3.000 3 0.350 149 13.9 
BA 233 0.400 1365 15.0 
(BSBA 6) | 6-500 6% 3.500 3% 0.350 lips 13.6 


“Dimensions of British Standard Sections are indicated in bold type. 
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BULB ANGLES 


SHIP BUILDING BULB ANGLES—Continued 


é ‘ t 
American Standard Sections : 
= 
i ye im BA 236 (BSBA 5) 
376. 
' ==») 
' 
Ry = i ee a LY f hs ee ee oe 
| [".375" 
1 j--A 
| 
\. | 
i 
--¥ 


en eee 


a Depth, Flange Width, Web Thickness, Weigh 
see Inches Inches Tnches ane 
ndex — Ti c 5 ) 4 
“Decimal | Fractional | Decimal | Fractional | Decimal | Fractional Pounds 
0.425 27/54 15.0 
cas (7 0200 6% 3.000 3 0.375 % 13.6 
0.350 IV 12.9 
0.475 1569 16.4 
. 1, a 
{Lloyd | 6.000 6 3.500 31% Cues Te Sigs 
4 0.375 8% 13.4 
f ly, 
{Lloyd | 6.000 6 3.500 BY Osi Iho oe 
0.525 1% 16.8 
2 5 a 
BA 241 | 6.000 6 | 3.000 3 0.475 Lhe 15.6 
0.425 | 2%a 14.1 
BA 242 0.375 %% 12.8 
(BSBA 4) 6.000 6 3.000 3 0.350 | ava. 12.2 


+Rolled by Pencoyd Tron Works (604A). a , 
Dimensions of British Standard Sections are indicated in bold type. 
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CARNEGIE STEEL COMPANY 


450” SHIP BUILDING BULB ANGLES—Concluded 
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paren tie ees s 
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vhs Width, Web Thickness, : 
Section Inches Inches Inches wae 
Index |— = — _, ber ‘oot, 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds 
: 2 5 | 2 | 
| f 0.500 Y% ) Sy 
BA 244| 5.500 51% 3.000 3 jae 20% is 
| 0.400 1849 12.5 
BA 245| «x Se | 0.350 Is 11.3 
(BSBA | 2-500 5% | 3.000 3 Uys 
| | 0.325 ope Neorg 
| | 0.375 3% 10.4 
BA 251| 5.000 5 2.500 2% 0.325 2Y4 9.3 
(BSBA 2) | 0.300 | 1% 4 8.8 
*BA143| 5.000 5 2.500 2% | 0.240 A | 33 
*BA144) 4.500 4Y% 2.250 2 | O:220) 9 tiga a penoeT 
*BA145| 3.000 3 2.000 2 | 0.190 en 0) 
*BA146| 3.000 3 1.750 1% | 0.160 Seo | | 8.25 
#BA147| 2.500 Qi 1.500 1% | 0.150 Sao | (2.66 


*Furnished only by special arrangement. ‘ 
Dimensions of British Standard Sections are indicated in bold type. 


64 


BULB ANGLES 


CAR BUILDING BULB ANGLES 
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4 Depth, Flange Width, Web Thickness, . 
Sarna Inches Inches Inches le 
ndex ’ 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional Pounds 
BA 125} 5.000 5 4.500 Aly 0.438 Ae 19.3 


BA 124} 5.000 5 3.500 314 0.375 38 13.2 
BA 122| 4.000 4 3.500 3% 0.500 yw 14.3 
BA 123 | 4.000 4 3.500 3% 0.375 ¥% 11.9 
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CARNEGIE STEEL COMPANY 


STRUCTURAL CHANNELS 


American Standard Sections 


C60 


3 
8 


~-8,00°---> 3 


ac 


” 


SN Seeger ea ae 16 ne 


C 20 


5 _., | Flange Width, Web Thickness, 
Section Weight Inches Inches 
imdee K per Foot, : 
Pounds Decimal Fractional 


Decimal | Fractional 


58.0 4.200 41364 
+C 60 48g0 


+C 60 is a Ship Building Channel (not an American Standard.) 


+C 20 is a Car Building Channel. 


CHANNELS 


STRUCTURAL CHANNELS—Continued 


American Standard Sections A ky 
1 0.650 
s a 
| 
' 
| si 
“ 8 
? 
1 
| 1 
| ‘iro 
L 
(@----—---—---— -—----- 2b --——-----—-———~—--- a 
Ae 
' 10.280) 
ae 0.17" i} a 
: 
si a 
\ i 
! 1 
{ Ey 


ot 
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ES > 
S oO 
S 3 
a ci 
' ! 
; ae 
sy 6337 
: Flange Width Web nthe A 
. Depth of Weight : : 
oes Channel, per Foot, Inches Tnches 
Inches Pounds Decimal | Fractional Decimal | Fractional 
wo | sus | ge | ae | 
46.6 4.050 454 0.750 i 
+O 170 12 44.5 4.000 4 0.700 10h 
40.0 3.890 3574. 0.590 1% 
35.0 3.767 34%q 0.467 15R5 
40.0 3.415 B24 0.755 34 
35.0 3.292 31% 4 0.632 5@ 
Ce 2: 12 30.0 one oie ee Yea 
25.0 3.04 (a 0. 2564 
20.7 2.940 21546 0.280 %e 
35.0 3.180 3546 0.820 1346 
30.0 3.033 3Yeo 0.673 43/4 
Crs 10 25.0 2.886 QWs 0.526 lige 
20.0 2.739 244 0.379 8% 
15.3 2.600 21%. 0.240 1664 


tC 170 is a Car Building Channel (not an American Standard.) 


CARNEGIE STEEL COMPANY 


STRUCTURAL CHANNELS—Continued 
American Standard Sections 


C6 


ee 0 eee 


“ost” 
: {.0.210” 


Flange Width, Web Thickness, 
Channel, per Foot, Inches Inches 


Section 
Index 


Inches Pounds Decimal Fractional Decimal | Fractional 


25.0 2312 | 21846 0.612 
20.0 2.648 24164 0.448 
15.0 2.485 23YG4 0.285 
13:40 of 42.430 2%6 | 0.230 


21.25 2.619 25% 0.579 
18.75 2.527 2172 0.487 
16.25 2.435 2716 0.395 
13.75 2.343 21h 0.303 
11.5 2.260 214 0.220 


19.75 2.509 23364 0.629 
17.25 2.404 21860 0.524 
14.75 2.299 21% 4 0.419 
12.25 2,194 236 0.314 

9.8 2.090 2342 0.210 


CHANNELS 


STRUCTURAL CHANNELS—Concluded 
American Standard Sections 


™| 0.200” 


CF 


Ke —4,518”—— ~—--5 


0:30" 0.200” 


SSS = 2.700 ==>} 


10.28” 0.186! 


, Flange Width,. |  Web'Thickness, 
. | Depth of Weight a 
ae Gl | pen Moat, Inches Inches 
nee Inches 


Decimal Fractional Decimal Fractional! 


2.279 2% 0.559 
2.157 2565 0.437 
2.034 2Yeo 0.314 
1.920 15% 0.200 


2.032 2'yo 0.472 
1.885 0.325 
1.750 0.190 


1.720 2 0.320 
1.647 0.247 
1.580 0.180 


1.596 : 0.356 
1.498 0.258 
1.410 : fen Ort 


C 10 
(Old No. C 72) 
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CARNEGIE STEEL COMPANY 


SHIP BUILDING CHANNELS 


American Standard Sections 


C 21 (SC 26) 


C 171 GSC 25) 


C 26 (BSC 21) 


2} 


fe an = men OT 


i 


” 


3,525 


1 
<aae- 


Si 

for) 

a 
3 


Section 
Index 


Flange Width, 
Inches 


: Web Thickness, 


Inches 


Decimal Fractional 


Fractional 


C 21 
(BSC 26) 


C171 
(BSC 25) 


C 26 
(BSC 21) 


10 


41364 


\ CHANNELS 


BUILDING CHANNELS—Continued 


American Standard Sections 


f 
Hon 
1) 
S 
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C 27 (BSC 20) 


8.500 


<---=--8,025"----- 


(Cre - 


' 
1 
1 


” 


8.500 


easceen 


5 
‘y 


525” 


eas 


Flange Width, Web Thickness, 
per Foot, Inches Inches 
Pounds 


Decimal Fractional Decimal Fractional 


0.675 4364 


| : : 2 0.575 
(BSC 20) : : Yo 0.475 


0.425 
0.375 


C 28 
(BSC 19) 


C 31 
(BSC 18) 2 


CARNEGIE STEEL COMPANY 


SHIP BUILDING CHANNELS—Continued 


American Standard Sections 
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Se 2 


050” 


f--+7--8.500"------ 


3.500"------- 


Be-----8 


r= 
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ie 


a ====>) be 


075" 
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€-- oe 


Sy 


oa 
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” i 
---- ae 
FA 
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Ye} 
$s 
a 
\ ° 
4 
"0.546" 
ce RE apa aa "Flange Width, ace icine 
: Depth of Weight ng , , 
ee Channel, per Foot, Inches Inches 
| Inches Pounds Decimal Fractional Decimal Fractional 
Fee iy a 
31.6 ~ 3.700 34% 4 0.650 21 
C 32 9 28.5 3.600 31%» 0.550 35/54 
(BSC 17) 25.4 3.500 31% 0.450 24 
23.9 3.450 32%q 0.400 1369 
28.2 3.700 34554 0.625 5B 
C 36 8 25.5 3.600 31%» 0.525 life 
(BSC 13) 22.8 3.500 A) 0.425 SUE 
21.4 3.450 32% 0.375 3% 
25.5 3.225 32 0.600 1% 
037 22.77 5.125 3Y% 0.500 Y% 
(BSC 12) 8 20.0 3.025 3Ug2 0.400 1369 
19.3 3.000 3 0.375 36 
18.7 2.975 231g 0.350 Veo 


Dimensions and properties of the British Standard Sections are indicated in bold type. 
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“B.DUU------H 
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H 
H 


” 


ieee ----—- 8,500 
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\0.350” 


C 41 (BSC 10) 


CHANNELS 


<--—---8,125%------>'§ 
8.500"-------» 


. 
coal 
[) 
=) 
8 
(enon eau 


SHIP BUILDING CHANNELS—Continued 
American Standard Sections 
ee 0,446” 


oI 
& 
& 
Ss 
$ 


” ‘ 
Lae 


-----3,160 


i Depth of Weight Flange Width, Web Thickness, 
ee Channel per Foot, Inches : Inches 
Inches Pounds Decimal Fractional Decimal Fractional 
25.0 3.700 B4564 0.600 1% 
C41 7 22.7 3.600 31%. 0.500 % 
(BSC 10) 20.3 3.500 314 0.400 13%ho 
19.1 3.450 32% 0.350 Igo 
© 42 20.0 3.100 3362 0.475 15,5 
7 17.6 3.000 3 0.375 8% 
(BSC 9) 16.4 2.950 QU 4 0.325 2Yo4 
22.0 3.700 34564 0.575 8764 
C46 a 20.0 3.600 31%» | 0.475 19% 
(BSC 8) 18.0 3.500 31, 0.375 36 
16.9 3.450 32%. 0.325 24 
C 109 6 U5sS 3.500 314 0.340 1,9 
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Dimensions and properties of the British Standard Sections are indicated in bold type. 


CARNEGIE STEEL COMPANY 


SHIP BUILDING CHANNELS—Concluded 
American Standard Sections 
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MISCELLANEOUS CAR BUILDING CHANNELS 


0.406” 
ae 
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ia 


fae Ooh 
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<= 21905-——» 
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ct 
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J 
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<-1,6987-» 


a 
i) 
s 


Flange Width, Web Thickness, 


Section Inches Inches 


Index 


Decimal Fractional Decimal Fractional 


C 47 : 3.000 3 0.375 
(BSC 7) : 2.938 21546 0.313 


C 48 : 2.563 2%e 0.375 
(BSC 5) 2.500 24% 0.313 


Dimensions of British Standard Sections are indicated in bold type. 


MISCELLANEOUS CAR BUILDING CHANNELS 


*O 106 584 17.0 3.500 3% 0.375 
*O 200 4 13.8 2.500 2% 0.500 
*C 220 4 10.1 2.087 230 0.394 
*C 190 3 ten) 1.984 16864 0.250 


*Furnished only by special arrangement. 


ANGLES 


EQUAL ANGLES 
Ss 


a 


Section Index 


Thickness, 
Inches 


RREKEKKHHKKERX 


Weight per Foot, 
Pounds 


56.9 
54.0 


*Special, see page 44. 


CARNEGIE STEEL COMPANY 


EQUAL ANGLES—Continued 


” 


--------) 
pHa === 


3% 


aoe 
H 


” 


‘ Size, Thickness, | Weight per Foot, 
Section Index Inches Inches Pounds 


*134 6 19.9 
34 18.5 
Me nF fa b 
5% 15.7 
%e 14.3 
I | 12.8 
TAs | pi feet 
36 9.8 
46 | 8.2 
#4 6.6 


17.1 
16.0 
14.8 
13.6 
‘ 12.4 

34%x3% 7 | 111 
9.8 
8.5 
7.2 
5.8 


*Special, see page 44, 


ANGLES 


EQUAL ANGLES—Concluded 


5 aa) 


fon 2 


Ny re 


EP UACLG 


‘’ 


Size, Thickness, Weight per Foot, 
Toches Inches Pounds 


24%x2% 


7 
8 
9 
0 
1 
0 
0 


ON 


APO’ 


134 x 13% 


1x14 


A 16 


ds 
6. 
5. 
5. 
4. 
3. 
2. 
5. 
4. 
3. 
3. 
2. 
Ue 
4. 
3. 
3. 
2. 
2. 
iF 
3. 
2. 
2. 
1s 
ahs 
2. 
is 
Us 
ik 
1. 
ig, 
0. 


Or OPOW NDOWHOW BPENWOD ORR ONW 


OPO FKFONW WORTH FNA100 


*Special, see page 44, 


CARNEGIE STEEL COMPANY 


UNEQUAL ANGLES 


ae teed 


wae nee nanan == =n === 


” 


Ba manana 


waa oa ---------------> 


ss 
as ue 
i 
! 
' ' H 
w 
Na i 
. Size, Thickness, Weight per Foot, 
k Section Index Inches Inches Pounds 
coat | 44,2 
* 1546 41.7 
* % 39.1 
* 1344 36.5 
3 
A18 Sex 6 * Lih, ST 
* BR 28.5 
* Ne 25.7 
te % 23.0 
* 46 20.2 
*1 So, 
* 1546 33.7 
ae HS 31.7 
Me ae 
27.5 
A53 8 x3% * 11h, 253 
‘ * BB 23.2 
aie 21.0 
* LSI 
* The 16.5 
*1 32.3 
* 1546 30.5 
* 28.7 
* 1846 26.8 
* 8 24.9 
A19 7x34 * Ag 23.0 
* 8% 21.0 
* We 19.1 
* 17.0 
* Ke 15.0 
* 8% 13.0 


*Special, see page 44. 


ANGLES 


UNEQUAL ANGLES—Continued 


h-—-——- 4”-——— ——-3 4" —- 
an cht eae aS 


| oe ay 
Fs | T 
| 4 | | 
H | I 
! | | 
| | | 
| | | 
| | N 
x! | roy 
© a if 
1 ; | 
| | 
| | 
| | | 
| | Mi 
| | 
| ~ 
L fa 
‘ Size, Thickness, Weight per Foot, 
Bocas Lpsiex Inches | Inches Pounds 
*1 30.6 
* 1544 28.9 
% 27.2 
1846 25.4 
34 23.6 
A 20 6x 4 1146 21.8 
% 20.0 
%e 18.1 
We 16.2 
Ae 14.3 
3% 1273 
*1 28.9 
* 1546 27.3 
18 25.7 
1344 24.0 
16 6 
A21 6 x 3% ¥, 18.9 
Ae iY! 
VY 15.3 
Ae 13.5 
36 bh By 
* he 9.8 
* 1% 24.2 
* 1846 22.7 
* 8h 21.1 
* hg 19.5 
A 22 5 x 94 * 5h 17.8 
* We 16.2 
* 14.5 
* Te 12.8 
* 86 11.0 


* Special, see page 44. 
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CARNEGIE STEEL COMPANY 


UNEQUAL ANGLES—Continued 
ean f 3 _—a 


” 


\n 
A 24 ~~ 
| 
| 
| 
‘ ; Size, Thickness, Weight per Foot, 
Rection Index Inches Inches Pornki 
*7 22.7 
*134 6 21.3 
34 19.8 
46 18.3 
nos 2 |g ie 
4% 13.6 
tae 12.0 
3g 10.4 
6 8.7 
*184 6 19.9 
¥* 34 18.5 
16 LZ 
5% 15.7 
A 24 BY 52°83 %e 14.3 
Ww 12.8 
Ae a-S 
36 9.8 
Ae 8.2 
#134 g 18.5 
* 84 iW 
oe iL? 
A 2 44x 3 * Oe 13.3 
‘ *I 11.9 
*e 10.6 
* 36 9.1 
* 54g yes 
+134 6 18.5 
* 34 17.3 
he ne 
* Bf 14. 
A26 4 x3% * 945 13.3 
*1% 11.9 
* TAG 10.6 
* 86 9.1 
* 546 ed 


* Special, see page 44. 


UNEQUAL ANGLES—Continued 


ra 
A, Eee ay haart 


ANGLES 


Section Index 


Size, 
Tnches 


fy 


hickness, 


Inches 


Weight per Foot, 
Pounds 


A 27 


A 28 


A 29 


A 32 


A 33 


4x3 


34x 3 


34x2% 


3 x2% 


*Special, see page 44. 
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ai gligh dye 
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CARNEGIE STEEL COMPANY 


UNEQUAL ANGLES—Concluded 


av Lm = 14", 
i : ‘ ‘ 


sean Dima 


Weight per Foot, 


Section Index Inches Pounds 


2%x1\% 


BRO ONDUWH OO 


PRON Mob 


244x1% 


2x1\% 


14%x1% 


A 624 14x 1% 


BUN PED HN POND VNWPNT WWW HPNWRMAG 


Deer NOW OM PHNWO HNOAhROD 
|\RWO WOR OM BNINGDO HDHD 


*Special, see page 44. 


TEES 


EQUAL TEES 


1 
~2L45¢- 
sa go-------- 814"------>, a 
‘ 1 i en et 


“4 


aay 


ied 4 A be 


4 
” 


------- 3 ------- 


9 
i T8 
' 
L 1 ' v Se ecacn von 
Section Size, Inches Thickness, Inches ey 
per Foot, 
Tndex Flange Stem Flange Stem Pounds 
T 40 6% 6% 0.40 to 0.55 0.45 19.8 
if Resa f 4 1% to %e6 1% to %e 113.5 
Gh A 4 3 to Ae 8&8 tO 6 10.5 
es} 3% 3% i to %e 1% to %e 7, 
T 4 3% 3% 3% to he %& to te 9.2 
“el 4 to %e6 Y% to %e 9.9 
eave 3 3 Ae to % Ae to 1 8.9 
PS 3 3 33 to Ae 88 t0 Te 7.8 
TED 3 3 46 to % 546 to 8% 6.7 
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CARNEGIE STEEL COMPANY 


EQUAL TEES—Concluded 
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ay 


” 


aap ite 2 


-----2% 


2Yy---—> 


, 
t 


Size, Inches Thickness, Inches 


Flange Stem Flange Stem 


2% 26° 3% to % 8% to Me 
24 2% | 46 to ‘46 to 

244 24% 546 to 
214 2144 4 to 
2 2 546 to 
2 2 4 to 
1% 134 4 to 
1% 1% % to 
1% 1% %4o6 to 
1% 14 % to 
14 846 to 
1 846 to 
if 1% to 


TEES 


UNEQUAL TEES 


” 


Co 
LL 


Section 
Index 


Size, Inches 


Thickness, Inches 


Flange 


Stem 


Flange 


Pounds 


tT 50 
{T 51 
T 52 
T 54 
T 53 


5 
5 
4% 
43 
4% 


3 
2% 
3% 
3 
3 


38 to the 
38 to He 
Te to %e 
3g to te 
%e to % 


11.5 
10.9 
15.7 
9.8 
8.4 


+T 50 can be rolled with flange 14’ to %6’’, and stem 314’; weight 13.6 lbs 
tT 51 can be rolled with flange 14’ to %@”, and stem 256”; weight 13.0 1bs 


. per foot. 
. per foot. 


CARNEGIE STEEL COMPANY 


UNEQUAL TEES—Continued 
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Lt) 
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t 
1 
‘ 
‘ 
H 
‘ 
‘ 
‘ 
' 
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Section 
Index 


Size, Inches 


Thickness, Inches 


Flange | Stem 


Flange 


Stem 


Weight 
per Foot, 
Pounds 


T 56 
T 55 
T 57 
T 58 
T 59 
T 60 


4% 
4% 


4 
4 
4 
4 


2% 
2% 
5 


5 
4% 
4% 


36 to Ae 
oe to % 
to %e6 

to (6 

2 to %6 
to %e 


3% to re 
“oe to % 
to %e6 

to 16 

to %e 

§ to ie 


9.2 
7.8 
15.3 
LES 
14.4 
11.2 
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UNEQUAL TEES—Continued 
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eee eee | 
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Section 
Index 


Size, Inches 


Thickness, Inches 


Flange 


Stem 


Flange 


Stem 


Weight 
per Foot, 
Pounds 


ToL 
T 44 
T 62 
T 63 
T 64 
T 65 
T 66 
GG 


KX 


Pew Wh bh? ww 


88 to he 
%e to %% 
88 to The 
he to 3% 
88 to Te 
“oe to % 
¥ to %e 
8& to Ae 


} 


88 to The 
%e to % 
36 to The 
46 to % 
3g to the 
Ae to % 
1% to %e 
8% to Ke 


9.2 
7.8 
8.5 
7.2 
6.7 


9.8 
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3-----+-- 


(Reoescene 
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CARNEGIE STEEL COMPANY 


UNEQUAL TEES—Continued 


_ oe 


Section 
Index 


Size, Inches 


Thickness, Inches 


Flange 


Flange Stem 


T 69 
eZ 
eed: 
Tt? 
T 73 
T 74 
T 75 
T 76 
Bldgs 


to %e % to Ae 
to fe 36 to Ac 
to %& 3% 

& to %e 1% to %e 
to % Ae to % 
to Ae 3% to Te 

4 to %e6 % to %e 
to % Ao to % 
to Ke 3% to Ho 


TEES 


UNEQUAL TEES—Concluded 


=---h 
i 


” 


---=-2 


” 


3 


eee SSS 


rose eae a cca 


. 


Section Size, Inches Thickness, Inches Weight 
Tadex a = per Foot, 
ange Stem Flange Stem Pounds 
T 78 3 2% 8% to Te 3% to Ke {fed 
AMES) 3 21% oe to %&% me to % 6.1 
T 82 24% 3 8% to The 8 to He We 
T 83 2% 3 46 to % 546 to 8% 6.1 
T 86 2 1% 346 to %e 846 to %e 2.87 
ADE 2 1% Y, to %e 4 to %e 3.09 
549) 1% 2 346 to %4 %46 to 2.45 
T 605 1% 1% % to %e % to 52 1.25 
*T 603 14 54 No. 9 ¥% to No. 7 0.88 


= Furnished only by special arrangement. 
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CARNEGIE STEEL COMPANY 


MISCELLANEOUS TEES 


Section Size, Inches 


Thickness, Inches 


Index Flange | Stem 


Flange 


| 


Stem 


*T 156 4 3 
¥T 157 3Y% 2y, 
*T 158 3 2, 


| 
| 


See cut 
See cut 
See cut 


¥% to% 
‘Ao to Ae 
46 to (Ae 


* Furnished only by special arrangement. 


Of a eae 
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” 


~ =a 2a-----------§ ----------------» 


Section 
Index 


Thickness, 
Inches 


Z3 


Z2 


Z1 


Size, Inches 
Flange Web Flange 
3% 6% 3% 
3% 646 | 3% 
314 6 31% 
3% 618 3% 
3%6 6%46 3% 6 
314 6 34 
3% 6% 3% 
3%6 6%6 3%6 
3% 6 3Y 
33% 5% | 35% 
36 546 3%6 
34 5 3 
3% 5% | 8% 
3%6 546 36 
34 5 3 
33% 51g 336 
5 Be 
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CARNEGIE STEEL COMPANY 


ZEES—Concluded 


Sie’ 


” 
aoe ~213/4¢---—s 


ZT 


\-------314g-----3! 


Size, Inches 


Flange Web 


Section 
Index 


346 Alg 
34s | 446 
3446 4 


3346 4 
34% 446 
346 4 


3%o 416 
314 4g 
3%6 4 


234 3%e6 
2146 3 


234 | 3%6 
21%6 | 3 


234 | 3%6 
2i%e | 3 


STEEL SHEET PIILNG 


UNITED STATES STEEL SHEET PILING 


f= = Hy - 


1 
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| 
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' 
i) 
1 
! 
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Ro 


=> 
a 


} 
! 


Ya 
aK 


«2 


tots Width, Web Thickness, Weight per Foot, 
coos Inches Inches Pounds 


M 105 13% 42.5 
M 104 134% 38 
M 103 9% 16 


Full information as to the properties and uses of these sections is givenina separate pamphlet 
entitled “Steel Sheet Piling.’ 


FLAT ROLLED STEEL 


RECTANGULAR UNIVERSAL PLATES—Carbon Steel 
UNIVERSAL MILL PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES 


Thick- | Weight, |_ _ 3 
ness, | Lbs. per | | 
Inches | Sq. Ft. |48-46 45-41 40-36 35-31 30-26 25-20 19-17 16-15 14-12 


Widths and engits in Inches 


t= ——s 


% | 10.20 | 1020) 1020) 1020| 1020| 540 
6 | 12.75 | 1020 1020 1140 1260 1320 1320) 1080) 1080) 1080) 600 
3% 15.30 | 1200 1200) 1320) 1380) 1380) 1380) 1080) 1080) 1080) 900 
Ae | 17.85 | 1320) 1320 1380) 1380) 1380) 1380} 1080] 1080| 1080| 900 
VW 20.40 | 1380) 1380, 1380) 1380) 1380] 1380} 1080) 1080) 1080; 1020 
%. | 22.95 | 1380] 1380) 1380} 1380) 1380) 1380] 1080] 1080) 1080) 1020 
5g 25.50 | 1380) 1380, 1380) 1380] 1380) 1380] 1080) 1080) 1080} 1020 
30.60 | 1353) 1357| 1363] 1372) 1380 1380| 1080) 1080) 1080| 900 
35.70 | 1160) 1163) 1169] 1177| 1188) 1203) 1080} 1080) 1080) 900 
40.80 | 1015 1018) 1023) 1030; 1039) 1052) 1080) 1080) 1080} 900 
45.90 | 903) 905) 910) 916) 924) 936] 1080) 1080; 1080) 840 
51.00 | 812) 814 818 824 832 842) 1071) 1080) 1080|«840 
56.10 | 738) 740| 744) 749| 756) 766} 973) 1080) 1080) 840) 840 
61.20 | 677; 679) 682) 687) 693) 702) 892) 1059) 1080; 840) 840 
66.30 | 625) 626 629) 634 640) 648) 823) 978] 1080) 840/ 840 
71.40 | 580) 581) 584! 588) 594) 601| 765) 908] 1038} 720) 720 
76.50 | 541) 543) 545) 549) 554) 561) 714) 847) 968] 660} 720 
81.60 | 507) 509) 511] 515) 519} 526) 669) 794) 907| 600| 720 


Plates of greater dimensions than shown in above tables, may be submitted for special consideration. 


RECTANGULAR AND CIRCULAR PLATES—Carbon Steel 
SHEARED PLATES, THREE-SIXTEENTH INCH, EXTREME SIZES 


Thick- | Weight, | * be set ose 
ness, | Lbs. per Tackes 
Inches | Sq. Ft. | 74 | 72 70'| 68 | 66 | 64 | 60 |54-42)36-30} 24 


16 7.65 | 200 | 220 | 240 | 250 | 270 | 320 | 375 | 400} 375 | 400| 77 


Rectangular Plates 344” thick, over 74” wide and Circular Plates 34” thick, over 77” diameter 
can be furnished to gage only and only under certain conditions. Such sizes should be submitted for 
special consideration. 

Plates under 846” thick are furnished only by special arrangement and may be submitted for 
consideration. 


CARNEGIE STEEL COMPANY 


RECTANGULAR AND CIRCULAR PLATES—Carbon Steel 
SHEARED PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES 


ae : ~ Widths and Lengths in Inches fee 
Hl ue - ; | Diam., 


Inches | Sq. Ft. 120 | 114 108 | 102 96 | | Inches 
| | 


... | 175 | 250 | 280 | 300 | 330 | | 115 
240 | 270 | 320 | 360 | 380 | 420 | | 120 
270 | 320 | 365 | 380 | 410 | 450 | 132 
300 | 360 | 370 | 410 | 430 | 132 
320 | 365 | 400 | 450 | 480 | 134 
330 | 373 | 420 | 470 | 500 | 134 
350 | 390 | 450 | 500 | 520 | | 134 
360 | 420 | 450 | 500 | 520 | 134 
360 | 400 | 450 | 490 | 520 | 134 
340 | 385 | 440 | 490 | 510 | 134 
330 375 440 480 510) 134 
300 | 340 | 440 | 460 | 500 134 
300 | 330 | 410 | 440 | 450 | 132 
300 | 310 | 380 400 | 420 | 132 
260 | 280 | 330 | 320 | 340 132 
220 | 240 | 280 | 270 | 300 132 
190 | 210 240 | 240 | 260 132 
170 | 190 | 210 210 230 132 
Widths an Lengths in Inches ; 
ness, | Lbs. l Diam., 
Inches | Sq. Ft. 60 | 54 | 50 | 48 | 42 Inches 
= a | 


430 | 475 | 525 | 530 | 530 | 530 | 530 | 530 | 530 | 530 | 115 
480 | 500 | 560 | 550 | 575 | 575 | 550 | 550 | 550 | 580 | 120 
600 | 600 | 620 | 620 | 620 | 620 | 600 | 580 | 600 | 600 | 132 
600 | 630 | 630 | 640 | 640 | 640 600 | 580 | 600 | 600 | 132 
610 | 630 | 630 | 640 | 640 | 640 | 600 | 580 | 630 | 600 | 134 
620 | 640 | 640 | 640 | 640 | 640 | 600 | 580 | 630 | 600 | 134 
620 | 640 | 640 | 640 | 640 | 640 | 600 | 580 | 600 | 600 | 134 
620 | 640 | 640 | 640 | 640 | 640 | 600 | 580 | 600 | 580 | 134 
620 | 640 | 640 | 640 | 640 | 640 | 600 | 580 | 600 | 580 | 134 
620 | 640 | 640 | 640 | 640 | 640 | 600 | 580 | 570 | 550 | 134 
620 | 640 | 640 | 640 | 640 | 640 | 600 | 580 | 550 | 550 | 134 | 
600 | 630 | 630 | 640 | 640 | 640 | 580 | 580 | 520 | 5380 | 134 
580 | 620 | 620 | 640 | 640 | 640 | 580 | 580 | 520 | 500 | 132 
550 | 600 | 600 | 600 | 600 | 600 | 560 | 560 | 520 | 450 | 132 
530 | 600 | 600 | 600 | 600 | 600 | 540 | 540 | 470 | 430 | 132 
450 | 490 | 550 | 550 | 550 | 550 | 540 | 540 | 430 | 380 | 132 
400 | 440 | 480 | 500 | 500 | 500 | 500 | 500 | 400 | 350) 132 
350 | 390 | 420 | 450 | 450 | 450 | 450 | 450 | 300 | 200 | 132 


Plates 48’’ wide and under and 14” thick and over can also be rolled on Universal Mills. 
For greater length and Universal Mill Sizes, see Universal Mill Plate Table. 
Plates of greater dimensions than shown in above tables may be submitted for special consideraticn. 


FLAT ROLLED STEEL 


RECTANGULAR PLATES—Nickel Steel 


SHEARED PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES 


Thick- | Widths and Lengths in Inches 
Inches |102| 96 | 90 | 84| 78 | 72 | 66 | 60 | 54| 50| 48| 42| 36 30 | 24 
Ye 240 | 240 260) 280 | 280 | 280 | 280 280 260 260 
Ae 260 | 260) 270 | 300 | 310 | 310 340 340/340 310 310 
5% 280 | 340 | 390] 420 450 | 500 | 500 | 500 | 500/ 480 450/450 430 430 
Te | 260| 300 360/400} 430 480/520) 520/520) 520 500 490) 490| 480 480 
% |270/ 320 380) 420] 460 485 | 520 | 520 | 520) 520 500) 490] 490 | 480 | 4801 
%6 | 270) 320) 380 420) 460 485 | 520/520 520) 520) 500| 490 | 490/480 480: 
% | 270} 300| 355 | 390/440 480 520/520 520/520 500] 500/ 500/480 450: 
1% |260 300 355390) 440 460 | 490 | 500 | 500) 500 | 500 | 500 | 480 | 480 | 450 
% | 260| 300) 355 | 390| 440 450 | 460 500) 500] 500 | 500 | 500 | 480 | 480 | 450: 
134 | 260 300 355 390) 440) 440 | 460 | 480 | 500 | 500 | 500 | 500| 480/ 460 | 440: 
7 | 260) 300 355 | 390| 440 | 440 460 480 480] 480) 480 | 480 | 480 | 450 | 440 
1 260 | 290 | 320) 370 | 400 430] 440 | 460 | 480 | 480 | 480 | 480] 440/ 420 420 
1% 250 | 270 295) 330) 375 400] 410 | 420 | 440 | 440/| 440) 440) 440] 420) 420 
1% | 240 | 260 | 290| 315 330 | 350 | 360| 380 | 390 | 400 | 400 | 420] 420 400 | 400 
1% | 230 260 | 290 | 290 | 310 | 330 | 350 | 370 | 390] 390 | 390 | 390 | 3g0 | 380 | 360 
1% | 220| 230/| 250| 270| 300 310 | 330 / 350 | 370| 390 | 390| 360 | 340 | 340 / 320 | 
2 _ 210 | 230/| 250 | 260 | 290 | 295 | 310 | 330 | 350 | 370 | 370 | 340 | 320 | 320 | 290 


RECTANGULAR PLATES—Nickel Steel 
UNIVERSAL MILL PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES 


' Thick- . Widths and Lengths in Inches 
| | | 
Inches |48-46|45-41| 40-36) 35-31|30-26 25-20|19-17|16-15|14-12| 11 10-61% 
% 660, 660] 660) 540) 540 
he 540! 540] 600! 660] 720] 780] 780| 780} 780! 600) 600 
% 720| 720| 780) 840! 960] 960/ 1020! 1020/1020) 900 840 
The 840} 840] 960! 1020] 1080 | 1080 | 1020/| 1020| 1020] 900| 840 
¥%, 960| 960 | 1080/1140 | 1200 | 1200 1020 | 1020 | 1020) 1020 840 
%%e 960| 960 | 1080 | 1140) 1200 | 1200 | 1020 | 1020 | 1020| 1020! 840 
5% 900! 900 1020! 1080) 1140 | 1140} 1000 | 1000 | 1020/ 1020| 840 
%4 8340! 840] 960! 1020) 1080] 1080 | 1000/ 1000] 1020| 900! 840 
1% 730| 780| 840] 960! 960| 960] 1000/ 1000/1000} 900! 840 
1 720| 750] 780] 816) 840! 900] 1000/1000} 1000} 900! 840 
1% 640| 667] 693] 725| 744| 800| 1000/1000] 1000] 840] 840 
1%, 575| 600| 624! 652) 672! 720] 1000/ 1000/1000] 840| 840 
13% 525| 545| 567] 593] 600] 655] 970/ 1000/1000] 840} 840 
1% 480| 500| 520| 544] 540) 600| 890/1000} 980] 840] 840 
154 444| 461] 480] 502] 504] 554] 820| 978; 980] 840] 840 
184 410| 428] 445] 466] 480] 514! 765] 908] 980| 720! 720 
1% 384| 400| 416] 435| 444] 480] 710] 847] 968] 660! 720: 
2 360| 375| 390] 408| 420] 450! 670| 794! 908| 600| 720: 


All sizes of Rectangular Nickel Steel Plates given in above tables under 14” thick should be 
specified to gage only. Plates 14’’ thick and over can be rolled to either gage or weight per square 


foot. 
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SQUARE EDGE FLATS 
«--Width--», 


[J ican 


88” to 114’, wide, x any thickness, 1%’’, up to width. 
Over 11%4” to 3’, wide, x any thickness, %.»’’, up to width. 
Over 3” to 5’, wide, x any thickness, 144”" to 3”, inclusive. 
Over 5’’ to7’’, wide, x any thickness, 4’’ to 2’, inclusive. 
Over7” to 714”, wide, x any thickness, 549” to 1144”, inclusive. 
Over 714” to 8”, wide, x any thickness, %.” to 1” inclusive. 


Sizes not listed will be considered. 


NUT STEEL FLATS 


All sizes of Nut Steel Flats within the range of Square Edge Flats can be 
furnished. Some of the smaller sizes can be furnished in coils. 


BAND EDGE FLATS 


(ieee Width ty 
ecco A | 


= Thickness 


wide, x No. 18 to No. 

wide, x No. 19 to No. 

wide, x No. 22 to No. 

wide, x No. 23 to No. 

wide, x No. 22 to No. 

wide, x No. 21 to No. 

wide, x No. 20 to No. 

wide, x No. 19 to No. 

wide, x No. 18 to No. 

to 5\%46’’, wide, x No. 17 to No. 

54%’’ to 63%4’’,_ wide, x No. 16 to No. 
61346” to 85%", wide, x No. 14 to No. 
81146”’ to 954”, wide, x No. 12 to No. 
10%4’’, wide, x No. 12 to No. 


From 3%” to 954” intermediate widths can be furnished. 


Over 954’’ in width, the size listed is the only one which is rolled, but 
‘intermediate widths will be considered. 


. . 


Py 


444s444444aaeq 
DAMAADAQAVO DAD 


Be bo to he 
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All sizes within the range of Sheared Plates, Universal Mill Plates and 
Band Edge Flats can be furnished. i 


MERCHANT BARS 


SQUARES 


yt 
aw 


Size %.’’ to 2’, inclusive, advancing by 64ths. 

Size 2%2”’ to 314’’, inclusive, advancing by 32ds. 

Size 3%6’’ to 514”, inclusive; advancing by 16ths. 
Squares can also be rolled to decimal dimensions, if so arranged. 
Squares 7’’ and smaller can be furnished in coils. 


ROUND CORNERED SQUARES 


Ty 
oT | Size 
LW 


Size 4” to 34’, inclusive, advancing by 64ths. 


ROUNDS 


Size %e2"’ to 134’, inclusive, advancing by 64ths. 
Size 12540” to 314”, inclusive, advancing by 32ds. 

Size 3%.’ to 7’, inclusive, advancing by 16ths. 
Rounds can also be rolled to decimal dimensions, if so arranged. 
Rounds 7%’ and smaller can be furnished in coils. 


HALF ROUNDS 


Size %e6’ to %’’, inclusive, advancing by 64ths., 
Size 154,” to 134”, inclusive, advancing by 16ths. 


Size 2’, 214””, 3”. 


HEXAGONS 


Size 1%” to 1149”, inclusive, advancing by 32ds. 
Size 134” to 3%e’’, finclusive, advancing by 16ths. 
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AREAS OF RECTANGULAR SECTIONS 
SQUARE INCHES 


= = 


Thickness, Inches 


Width, 


Inches the 


2 


{ 


.047| . 
.094) . 
141) . 
188) . 


234 
281) . 
328) . 
375) . 


422) . 
469) . 
516} 
563) . 


-609) . é -219)1.422) 1. 
656) .875)1. .313)/1.531 
-703} é -406/1.641) 1. 
-750)1. ° -500)1.750) 2. 


-797\1, 4 .594/1.859) 2. 
-844/1. 1.969) 2. 
-891)1. 2.078} 2. 
-938)1.250)1.563/1.875/2.188) 2. 


-984/1.313/1.641/1.969]2.297| 2. 
-688}1.031)1.375/1.719|2.063/2.406) 2. 
-719|1.078]1.438}1.797|2.156|2.516) 2. 
-750)1.125]1.500/1.875]2.250)2.625) 3. 


-781)1.172)1.563)1.953/2.344/2.734) 3. 
-813)1.219)1.625)2.031/2.438)2.844) 3. 
-844/1.266/1.688)2.109/2.531)2.953/3. 
-875}1.313)1.750)2.188/2.625'3.063) 3. 


-906/1.359)1.813)2.266/2.719/3.172)3. 
-938/1.406)1.875)2.344/2.813)3.281 
-969/1.453)1.938)2.422/2.906/3.391)3. 
1.000/1.500/2.000/2.500/3.000'3.500) 4. 


1.031]1.547|2.063]2.578/3.094/3.609| 4. dl : -672/6.188)|6. 
1.063]1.594/2.125|2.656/3.188)3.719) 4. 5 : 844) 6.375) 6. 
7/1.094/1.641|2.188]2.734|3.281/3.828) 4. 4 : .016|6.563) 7. 
1.125/1.688/}2.250/2.813/3.375/3.938) 4. . “ -188} 6.750) 7. 


1.156|1.734|2.313/2.891|3.469|4.047/4. ; : .359} 6.938} 7. 
1.188)1.781|2.375}2.969|3.563/4.156) 4. : : .531)7.125)7. 
1.219}1.828|2.438)/3.047|3.656)4.266) 4. ; : .703| 7.313} 7. 
1.250)1.875)2.500'3.125|3.750)4.375)5. i : .875}7.500)8. 


1.281)1.922)2.563)3.203 |3.844)4.484) 5. : -406|7.047|7.688)8. 
1.313/1.969)|2.625)/3.281|3.938/4.594)5. : -563) 7.219) 7.875 
1.344|2.016/2.688/3.359|4.031/4.703)5. : -719)7.391|8.063 
1.375|2.063|2.750/3.438|4.125|4.813)5. ; .875|7.563}|8.250| 8.938 


1.406)2.109}2.813)3.516/4.219)4.922)5. : 031) 7.734) 8.438) 9.141 
1.438)2.156|2.875)3.594)4.313)5.031)5. é -188) 7.906) 8.625] 9.344 
1.469]2.203/2.938|3.672/4.406|5.141)5:. ! -344|8.078)8.813)9.547|10.28 |11.02 
1.500)2.250!3.000|3.750/4.500|5.250)6. : -500) 8.250) 9.000} 9.750(10.50|11.25 
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AREAS OF RECTANGLES 


AREAS OF RECTANGULAR SECTIONS—Continued 
SQUARE INCHES 


Thickness, Inches 


Te %e 146 ? 7 |\1546 


46 


N= 
~ 
x 
BS 
° 
Pod 
wo 


2.344 
2.438 
2.531 
2.625 


2.719 
5/2.813 

2.906 
3.000 


2.063'3.094 
2.125|3.188 
2.188)3.281 
18 1.125|2.250)3.375 


6 |1.156|2.313|3.469 
'1.188|2.375)3.563 
1.219 |2.438)3.656 
'1,250|2.500)3.750 


'1.281|2,563)3.844 
|1.313 2.625 3.938 
11.344 2.688 4.031 
1.375|2.75014.125 


1.406 |2.813)4.219 
1.438|2.875)4.313 
1.469 |2.938/4.406 
1.500/}3.000/4.500 


1.563 |3.125)4.688 
1.625 |3.250/4.875 
1.688 |3.375|5.063 
1.750|3.500/5.250 


1.813 |3.625)5.438 
1.875 |3.750|5.625 
1.938 |3.875|5.813 
2.000 |4.000/6.000 


/2.063 |4.125)6.188 
2.125 |4.250/6.375 
2.188|4.375/6.563 
2.250|4.500/6.750 


8.59) 9. -16| 10.94) 11.72 
8.94) 9. -56/11.38)12.19 
9.28) 10. -97| 11.81) 12.66 
9.63) 10. -38} 12.25) 13,13 


9.97/10. -78) 12.69) 13.59 
10.31) 11. -19) 13.13) 14.06 
10.66) 11. -59| 13.56) 14.53 
11.00/12. -00) 14.00) 15.00 


11.34) 12. 41) 14.44) 15.47 
11.69) 12. -81/14.88] 15.94 
E 94) 12.03) 13. .22/15.31) 16.41 
10.13) 11.25) 12.38/13. .63) 15.75] 16.88 


10.41) 11.56) 12.72/13. 03) 16.19} 17.34 
10.69) 11.88) 13.06) 14. 44) 16.63)17.81 
10.97|12.19] 13.41) 14. -84|17.06)18.28 
11.25) 12.50) 13.75) 15. .25/17.50) 18.75 


11.53) 12.81) 14.09/15. -66) 17.94) 19.22. 
11.81}13.13) 14.44/15. -06| 18.38} 19.69 
12.09) 13.44) 14.78/16. 47|18.81)20.16 
12.38) 13.75) 15.13/16. -88/ 19.25) 20.63 


12.66) 14.06) 15.47/16. -28) 19.69) 21.09 
12.94) 14.38] 15.81}17. -69) 20.13) 21.56 
13.22) 14.69) 16.16/17. -09) 20.56) 22.03 
13.50) 15.00) 16.50/18. -50) 21.00) 22.50 


14.06|15.63)17.19/18. 31) 21.88) 23.44 
14.63) 16.25] 17.88) 19. -13)22.75) 24.38 
15.19/ 16.88] 18.56 .94| 23.63) 25.31 
15.75) 17.50) 19.25 -75) 24.50) 26,25 


12.69)14.50) 16.31) 18.13) 19.94) 21.75) 23.56)25.38/ 27.19) 
13.13]15.00| 16.88) 18.75] 20.63] 22.50) 24.38/ 26.25) 28.13 
13.56/15.50| 17.44) 19.38)21.31)23.25 27.13/29.06 
12.00/14.00)16.00) 18.00) 20.00; 22.00) 24.00) 26.00) 28.00) 30.00 


12.38]14.44116.50| 18.56/ 20.63) 22.69) 24.75/26.81/ 28.88) 30.94 
12.75/14.88|17.00}19.13 23.38] 25.50) 27.63) 29.75}31.88 
13.13]15.31)17.50| 19.69 24.06) 26.25) 28.44) 30.63) 32.81 
13.50}15.75}18.00| 20.25] 22.50) 24.75) 27.00) 29.25/31.50) 33.75 


2.313 |4.625/6.938 13.88)16.19}18.50) 20.81} 23.13) 25.44) 27.75|30.06/32.38) 34.69 
2.375 |4.750/7.125 -88)14.25|16.63/19.00| 21.38] 23.75) 26.13) 28.50) 30.88} 33.25) 35.63 
'2.438|4.875|7.313). 9.75 14.63/17.06|19.50| 21.94) 24.38) 26.81) 29.25|31.69]34.13/36.56 
'2.500|5.000/7.500!10.00)12.50/15.00|17.50/20.00 | 22.50) 25.00) 27.50) 30.00) 32.50) 35.00/ 37.50 


12.563 |5.125/7.688)10.25/12.81)15.38)17.9420.50 | 23.06) 25.63) 28.19) 30.75) 33.31|35.88) 38.44 
'2.625|5.250/7.875|10.50|13.13/15.75|18.38)21.00| 23.63] 26.25/ 28.88] 31.50/34.13]/36.75/ 39.38 
|2.688]5.375)8.063/10.75)13.44|16.13)18.81/21.50| 24.19) 26.88) 29.56) 32.25) 34.94/37.63/ 40.31 
2.750|5.500|8.250/11.00|13.75]16.50/19.25|22.00| 24.75| 27.50) 30.25) 33.00|35.75) 38.50/41 .25 


2.813|5.625|8.438/11.25|14.06/16.88|19.69|22.50)25.31/28.13/ 30.94) 33.75|36.56|39.38) 42.19 
2.875 |5.750)8.625|11.50|14.38)17.25|20.13}23.00| 25.88) 28.75|31.63| 34.50) 37.38) 40,25) 43.13 
|2.938|5.875|8.813)11.75/14.69]17.63/20.56|/23.50| 26.44) 29.38) 32.31/35.25/38.19) 41.13) 44.06 
'3.000|6.000/9.000/12.00}15.00}18,00}21.00|24.00) 27.00}30.00} 33,00} 36.00) 39.00) 42.00) 45.00 
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CARNEGIE STEEL COMPANY 


AREAS OF RECTANGULAR SECTIONS—Coneluded 


So | 4 | %o} % | Ho| % | Me} 5% |e) % |1%46 


x 
o 
& 
a 


| | 
9.19)12.25|15.31)18.38)21.44) 24.50 | 27.56)30.63 33.69 36.75)39.81|42.88) 45.94 49.00 
9.38/12.50)15.63)18.75}21.88) 25.00 | 28.13) 31.25) 34.38 37.50) 40.63)43.75)46.88) 50.00 
9.56 12.75/15.94|19.13 22.31| 25.50 | 28.69/31.88| 35.06 38.25) 41.44) 44.63) 47.81 51.00 
9.75|13.00|16.25|19.50/22.75| 26.00 | 29.25 32.50| 35.75 39.00) 42.25) 45.50) 48.75) 52.00 


9.94/13.25/16.56)19.88)23.19/ 26.50 | 29.81/33.13/36.44 39.75)43.06 46.38|49.69| 53.00 
10.13|13.50|16.88]20.25|23.63| 27.00 | 30.38) 33.75| 37.13) 40.50) 43.88|47.25|50.63| 54.00 
10.31/13.75}17.19|20.63/24.06) 27.50|30.94|34.38]37.81/41.25|44.69)48.13|51.56) 55.00 
10.50)14.00/17.50)21.00/24.50) 28.00| 31.50) 35.00| 38.50 42.00) 45.50/49.00|52.50| 56.00 


10.69)14.25]17.81)21.38/24.94 28.50 | 32.06/35.63) 39.19) 42.75) 46.31/49.88|53.44/ 57.00 
10.88 14.50/18.13)21.75)25.38) 29.00 32.63) 36.25/39.88) 43.50] 47.13) 50.75/54.38| 58.00 
11.06)14.75]18.44/22.13/25.81| 29.50 |33.19|36.88| 40.56) 44.25/ 47.94) 51.63'55.31|59.00 
11.25)15.00/18.75)22.50/26.25 30.00 | 33.75/37.50) 41.25) 45.00) 48.75|52.50)56.25] 60.00 


11.44/15.25/19.06)22.88|26.69 30.50) 34.31/38.13)41.94/45.75| 49.56) 53.38) 57.19] 61.00 
11.63)15.5019.38}23.25/27.13)31.00|34.88|38.75| 42.63 46.50) 50.38|54.25|58.13| 62.00 
11.81/15.75]19.69|23.63/27.56) 31.50 |35.44/39.38| 43.31 47.25|51.19/55.13|59.06/ 63.00 
12.00/16.00)20.00)24.00/28.00 32.00 | 36.00|40.00 44.00 48.00}52.00/56.00| 60.00) 64.00 


12.19]16.25/20.31|24.38/28.44/32.50|36.56/40.63) 44.69) 48.75) 52.81/56.88| 60.94) 65.00 
12.38/16.50/20.63)24.75)28.88 33.00 37.13/41.25/45.38)49.50|53.63/57.75| 61.88] 66.00 
12.56/16.75/20.94/25.13/29.31/33.50|/37.69/41.88)46.06|50.25/54.44|58.63/ 62.81) 67.00 
12.75/17.00/21.25)25.50/29.75 34.00) 38.25/42.50)46.75/51.00|55.25|59.50| 63.75) 68.00 


12.94/17.25/21.56)25.88/30.19/ 34.50 38.81/43.13/47.44/51.75/ 56.06) 60.38] 64.69) 69.00 
13.13/17.50)21.88/26.25/30.63) 35.00 |39.38) 43.75) 48.13) 52.50|56.88| 61.25] 65.63) 70.00 
13.31)17.75/22.19|26.63)31.06|35.50|39.94)44.38) 48.81|53.25|57.69| 62.13] 66.56) 71.00 
13.50)18.00)22.50/27.00)31.50| 36.00} 40.50/45.00| 49.50} 54.00) 58.50| 63.00] 67.50) 72.00 


13.69)18.25]22.81/27.38]31.94/36.50|41.06/45.63)50.19| 54.75) 59.31) 63.88] 68.44) 73.00 
13.88)18.50)23.13/27.75/32.38|37.00|41.63|46.25| 50.88] 55.50) 60.13|64.75]69.38) 74.00 
14.06)18.75]23.44/28.13/32.81/37.50| 42.19] 46.88) 51.56) 56.25|60.94| 65.63|70.31| 75.00 
14.25)19.00)23.75)28.50/33.25) 38.00| 42.75|47.50)52.25| 57.00] 61.75] 66.50! 71.25| 76.00 


14.44'19.25/24.06 28.88/33.69| 38.50 |43.31/48.13 52.94/57.75| 62.56] 67.38)72.19| 77.00 
14,63/19.50/24.38)29.25 34.13) 39.00|43.88)48.75/ 53.63) 58.50| 63.38) 68.25/73.13| 78.00 

9.88)14.81/19.75]24.69|29.63|34.56 39.50/44.44/49.38/54.31/59.25]64.19]69.13|74.06|79.00 
10.00]15.00/20.00/25.00/30.00/35.00) 40.00 | 45.00) 50.00) 55.00] 60.00| 65.00} 70.00] 75.00} 80.00 


10.13)15.19/20.25)25.31)30.38)35.44/ 40.50 | 45.56) 50.63 | 55.69) 60.75| 65.81) 70.88) 75.94| 81.00 
10.25/15.38/20.50|25.63/30.75)35.88) 41.00 /46.13]51.25|56.38|61.50)66.63)71.75| 76.88] 82.00 
10.38)15.56/20.75/25.94|31.13/36.31) 41.50) 46.69| 51.88) 57.06 62.25|67.44|72.63| 77.81) 83.00 
10.50/15.75/21.00|26.25|31.50)36.75 | 42.00 |47.25|52.50|57.75| 63.00) 68.25) 73.50) 78.75| 84.00 


10.63/15.94/21.25|26.56)31.88|37.19) 42.50 |47.81|53.13|58.44| 63.75] 69.06) 74.38| 79.69] 85.00 
10.75]16.13]/21.50/26.88)32.25/37.63] 43.00 | 48.38]53.75|59.13| 64.50] 69.88) 75.25| 80.63] 86.00 
10.88}16.31/21.75|27.19|32.63)38.06) 43.50 |48.94| 54.38]59.81| 65.25] 70.69] 76.13/81.56|87.00 
11.00/16.50/22.00)27.50/33.00)38.50| 44.00 | 49.50) 55.00| 60.50| 66.00) 71.50) 77.00] 82.50| 88.00 


11.13/16.69/22.25|27.81)33.38/38.94' 44.50|50.06| 55.63) 61.19) 66.75|72.31|77.88| 83.44) 89.00 
11.25/16.88/22 50)28,13/33.75)39.38) 45.00 | 50.63) 56.25| 61.88] 67.50] 73.13]78.75|84.38| 90.00 
11.38]17.06/22.75/28.44/34.13/39.81|45.50/51.19| 56.88] 62.56) 68.25|73.94|79.63|85.31| 91.00 
11.50)17.25/23.00/28.75|34.50/40.25| 46.00 |51.75|57.50/ 63.25| 69.00|74.75|80.50|86.25| 92.00 


11.63/17.44/23.25|29.06|34.88)40.69| 46.50|52.31)58.13] 63.94| 69.75] 75.56] 81.38]87.19] 93.00 
11.75]17.63}23.50/29.38)35.25/41.13]47.00|52.88) 58.75) 64.63) 70.50] 76.38| 82.25) 88.13) 94.00 
11.88/17.81/23.75/29.69|35.63/41.56)47.50/53.44/59.38) 65.31/71.25|77.19|83.13|89.06) 95.00 
12.00/18.00/24.00)30.00)36.00/42.00) 48.00 | 54.00) 60.00] 66.00] 72.00!78.00|84.00) 90.00] 96.00 


12.13/18.19}24.25|30.31)36.38)42.44/48.50|54.56)/ 60.63] 66.69|72.75|78.81|84.88] 90.94] 97.00 
12.25|18.38/24.50/30.63/36.75|42.88]49.00|55.13|61.25| 67.38) 73.50|79.63|85.75| 91.88) 98.00 
12.38/18.56/24.75/30.94/37.13/43.31/49.50|55.69) 61.88] 68.06|74.25|80.44| 86.63] 92.81) 99.00 
12.50}18.75}25.00)31.25]37.50/43.75| 50.00 |56.25|62.50| 68.75] 75.00}81.25|87.50|93.75| 100.0 
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WEIGHTS OF FLAT ROLLED STEEL 


WEIGHTS OF FLAT ROLLED STEEL 
POUNDS PER LINEAL FOOT 


Width, 
Inches 


1shel % | 


69) .74 
1.38) 1.49 
2.07) 2.23 
2.76) 2.98 


3.45] 3.72) 
4.14) 4.46 
4.83) 5.21 
5.53) 5.95 


6.22) 6.69) 
6.91) 7.44 
7.60) 8.18) 
8.29) 8.93) 


8.98) 9.67 
9.67 
10.36 
11.05 11.90 12.75 


9.93 10.84) 11.74 12.64) 13.55 
)10.52)11.48)12.43)13.39)14.34 
11.10) 12.11/13.12/14.13) 15.14 
10.63) 11.69) 12.75) 13.81) 14.88) 15.94 


/11.16) 12.27/13.39) 14.50) 15.62 16.73 
11.69 12.86) 14.03) 15.19) 16.36)17.53 
12.22) 13.44) 14.66) 15.88)17.11/18.33 
12.75) 14.03) 15.30) 16.58) 17.85)19.13 


13.28) 14.61/15. .27/18.59) 19.92 
13.81 15.19) 16. -96)19.34)20.72 
H 14.34 15.78 -65/20.08) 21.52 
10.41 14.88) 16.36 -34/20.83)22.31 


10.78) 12.33) 13.87) 15.41) 16.95) 18.49) 20.03)21.57/23.11 
11.16) 12.75) 14.34) 15.94) 17.53) 19.13) 20.72/22.31/23.91 
11.53) 13.18) 14.82/16.47) 18.12) 19.76)/21.41/23.06|24.70 
11.90) 13.60) 15.30) 17.00) 18.70)20.40)22.10/23.80)25.50 


12.27) 14.03) 15.78) 17.53) 19.28/21.04)22.79|24.54/26.30) 28. 
12.64) 14.45) 16.26) 18.06) 19.87/21.68)23.48/25.29/27.09) 28. 
13.02|14.88/ 16.73) 18.59| 20.45) 22.31 26 .03/27.89 
13.39) 15.30) 17.21) 19.13)21.04)22.95 26.78)/28.69 


13.76) 15.73) 17.69} 19.66) 21.62) 23.59) 25.55)27.52|29.48 
14.13]16.15) 18.17) 20.19) 22.21/24 23) 26.24/28 .26/30.28 
14.50) 16.58) 18.65) 20.72) 22.79) 24.86) 26.93/29.01/31.08 
14.88]17.00| 19.13)21.25| 23.38) 25.50)27.63|29.75)31.88 


2.178 i .07|15.25|17.43|19.60/21.78] 23.96) 26.14/28.32/30.49)32.67 
b |2.231)4. i i 5 .39) 15.62) 17.85| 20.08) 22.31) 24.54) 26.78) 29.01/31.24)33.47 
2.284/4. I f .71}15.99| 18.28) 20.56) 22.84) 25.13) 27.41)29.70)31.98)34.27 
2.338/4. i .03|16.36| 18.70) 21.04) 23.38/25.71) 28.05) 30.39) 32.73/35.06 


2.3914. ; .34]16.73) 19.13) 21.52)23.91)26.30) 28.69) 31.08/33.47/35.86 
2.444/4. : .66)17.11)19.55) 21.99) 24.44) 26.88) 29.33/31. 36.66 
2.497 : 14.98] 17.48) 19.98) 22.47) 24.97/27.47| 29.96 37.45 
|2.550]5.100 b 15,30}17.85) 20,40) 22,95) 25.50) 28,05) 30.60 35,70/38.25 
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CARNEGIE STEEL COMPANY 


WEIGHTS OF FLAT ROLLED STEEL—Continued 
POUNDS PER LINEAL FOOT 


Thickness, Inches 


%46| UY | 546| 38 | Ac| % | Ae] % |1%e 


Ug 


= 


7.97)10.63}13.28/15.94/18.59 | 21.25) 23.91/26.56; 29.2) 31.9) 34.5) 37.2| 39.8 
8.29/11.05}13.81/16.58/19.34| 22.10) 24.86) 27.63) 30.4) 33.2) 35 ;. ; 
8.61)11.48/14.34/17.21/20.08 22.95 | 25.82)28.69) 31.6) 34.4) 37.3) 40.2) 43.0) 
8.93)11.90/14.88/17.85/20.83 | 23.80) 26.78) 29.75) 5 


9.24/12.33|15.41|18.49]21.57 | 24.65 | 27.73/30.81) 33.9) 
9.56)12.75|15.94/19.13/22.31 | 25.50 28.69/31.88) 35. 8. : ; 
9.88/13.18]16.47|19.76)23.06| 26.35| 29.64 32.94) 36.2) 39.5) 42.8| 46.1) 49.4 
10.20|13.60|17.00/20.40'23.80/ 27.20|30.60|34.00! 37.4) 40.8) 44.2) 47.6) 51.0 


10.52/14.03|17.53'21.04 24.54 |28.05|31.56/35.06) 38.6) 42.1, 45.6) 49.1 
10.84/14.45/18.06 21.68 25.29 | 28.90) 32.51/36.13, 39.7, 43.4) 47.0 50.6 
11.16 14.88)18.59 22.31 26.03 29.75 | 33.47|37.19| 40.9) 44.6) 48.3) 52.1 
11.48)15.30/19.13)22.95 26.78 | 30.60|34.43 38.25) 42.1) 45.9) 49.7) 53.6 


11.79 15.73)19.66 23.59)27.52 31.45 35.38) 39.31 43. 
12.11/16.15/20.19.24.23 28.26 /32.30|36.34/40.38) 4 
12.43)16.58/20.72 24.86 29.01 |33.15|37.29|41.44| 4, 

12.75|17.00|21.25 25.50 29.75| 34.00|38.25/42.50| 46. 


13.07 17.43)21.78/26.14,30.49 | 34.85 | 39.21) 43.56 
13.39)17.85/22.31 26.7831.24| 35.70) 40.16) 44.63) 
13.71)18.28/22.84 27.4131.98 | 36.55) 41.12) 45.69 
14.03]18.70/23.38 28.05)32.73 | 37.40 | 42.08) 46.75 


14.34)19.13}23.91/28.69)33.47 | 38.25 | 43.03) 47.81 
14.66)19.55/24.44/29.33/34.21 | 39.10) 43.99) 48.88 
9.99|14.98)19.98/24.97/29.96)34.96 | 39.95 | 44.94) 49.94 
10.20)15.30/20.40/25.50'30.60/35.70 | 40.80 | 45.90) 51.00 


10.63)15.94 21.25/26.56 31.8837.19 | 42.50) 47.81) 53.13 
11.05/16.58)22.10/27.63 33.15 38.68 | 44.20) 49.73 55.25 
11.48]17.21 22.95/28.69'34.43'40.16 |45.90| 51.64) 57.38 
11.90)17.85)23.80|29.7535.70)/41.65) 47.60| 53.55] 59.50 


12.33/18.49 24.65)30.81 36.98 43.14 | 49.30 | 55.46 61.63 
12.75/19.13 25.50/31.88)38.25 44.63) 51.00| 57.38) 63.75 
13.18|19.76 26.35/32.94/39.53 46.11 |52.70| 59.29) 65.88 
13.60/20.40 27.20/34.00'40.80/47.60 | 54.40) 61.20) 68.00 


14.03/21.04/28.05)35.06 42.08/49.09 | 56.10/63.11|70.13| 77.1) 84.2) 91.2) 
14.45|21.68/28.90/36.13)43.35/50.58 | 57.80| 65.03/72.25) 79.5) 86.7) 93.9 
14.88)22.31/29.75|37.19/44.63/52.06 | 59.50) 66.94| 74.38) 81.8) 89.3) 96.7|104.1|111.6) 119.0 
15.30/22.95/30.60/38.25)45.90/53.55 | 61.20|68.85|76.50]} 84.2) 91.8) 99.5) 107.1)114.8) 122.4 


15.73|23.59)31.45)39.31)47.18)55.04 | 62.90 | 70.76| 78.63) 86.5) 94.4) 102.2/ 110.1) 117.9) 125.8 
16.15/24.23)32.30/40.38)48.45|56.53 | 64.60|72.68/80.75| 88.8) 96.9] 105.0) 113.1]121.1| 129.2 
16.58/24.86)33.15)41.44'49.73/58.01 | 66.30| 74.59) 82.88] 91.2| 99.5) 107.7| 116.0] 124.3) 132.6 
17.00/25.50/34.00)42.50\51.00/59.50/68.00| 76.50) 85.00} 93.5/ 102.0) 110.5] 119.0) 127.5) 136.0 


17.43)26.14/34.85/43.56/52.28)60.99 | 69.70|78.41|87.13) 95.8] 104.6) 113.3) 122.0) 130.7/ 139.4 
17.85/26.78)35.70)44.63/53.55/62.48 | 71.40/80.33) 89.25) 98.2) 107.1) 116.0) 125.0) 133.9) 142.8 
18.28)/27.41/36.55/45.69/54.83/63.96 | 73.10|82.24) 91.38) 100.5/ 109.7| 118.8) 127.9] 137.1) 146.2 
18.70/28.05)37.40)46.75/56.10/65.45 | 74.80 | 84.15] 93.50) 102.9] 112.2) 121.6] 130.9] 140.3) 149.6 


19.13|28.69)38.25/47.81/57.38 66.94 | 76.50) 86.06) 95.63| 105.2) 114.8) 124.3) 133.9] 143.4) 153.0 
19.55|29.33/39.10)48.88)58.65/68.43 | 78.20) 87.98/97.75| 107.5) 117.3) 127.1) 136.9] 146.6) 156.4 
19.98|29.96/39.95|49.94/59.93/69.91 | 79.90| 89.89) 99.88) 109.9) 119.9] 129.8] 139.8] 149.8) 159.8 
20.40/30,60/40.80/51.00)61.20)71.40] 81.60] 91.80) 102.0) 112.2) 122.4) 132.6 142.8} 153.0) 163.2 
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WEIGHTS OF FLAT ROLLED STEEL 


WEIGHTS OF FLAT ROLLED STEEL—Concluded 
POUNDS PER LINEAL FOOT 


Thickness, Inches 
Width, 


Inches 
Wy | 8 8 |e! % | ¥ % 1%46| % 


-7) 104.1 ; -0) 135.4) 145.8 
-6)106.3/116. -5) 138.1) 148.8 
-5| 108.4/119. -1) 140.9) 151.7 
-5)110.5)121. 6) 143.7) 154.7 


4) 112.6/123. -2)146.4) 157.7 
-3)114.8/126. -7| 149.2) 160.7 
.2)116.9}128. -3] 151.9) 163.6 
83.3 -1)119.0) 130. .8) 154.7) 166.6 


84.8) 96. .0) 121.1) 133. 4) 157.5) 169.6 
86.3) 98. 9) 123.3]135. -9)160.2}172.6 
87.8) 100. 8) 125.4) 137. 5) 163.0) 175.5 
89.3] 102. .8) 127.5)140. -0) 165.8) 178.5 


90.7| 103. -7)129.6) 142. -6) 168.5) 181.5 
92.2) 105. -6)131.8)144. -1)171.3)184.5 
93.7/ 107. -5)133.9}147. -7| 174.0) 187.4. 
95.2|108.8| 122.4) 136.0) 149. .2) 176.8) 190.4/204.0 


96.7) 110. 3) 138.1) 151. .8) 179.6) 193.4) 207.2 
98.2)112. -2)140.3)154. -3| 182.3] 196.4/210.4 
A} 99.7) 113. -1)142.4)156. -9) 185.1) 199.3) 213.6 
7101.2) 115. 1) 144.5) 159. -4) 187.9) 202.3/216.8 


-0}102.6) 117. .0| 146.6) 161. -0/ 190.6) 205.3)219.9 
3104.1) 119. -9)148.8/ 163, .5| 193.4) 208.3}223.1 
-5}105.6) 120. .8) 150.9) 166. -1/196.1)211.2/226.3 
-8)107.1) 122. -7/153.0/168. .6} 198.9] 214.2/229.5 


-1/108.6) 124. 6) 155.1)170. -2}201.7]217.2/232.7 
-4/110,1]125. -5|157.3}173. -7/204.4) 220.2/235.9 
-6/111.6 .4/159.4/175. .3/207.2)223.1/239.1 
-9/113.1) 129. .4/161.5)177. -8)210.0)226.1/242.3 


-2/114.5) 130. .3| 163.6) 180. .4)212.7/229.1/245.4 
-5/116.0) 182. -2/165.8) 182. 9} 215.5] 232.1) 248.6 
-7)117.5) 184. -1)167.9)184. .5/218.2)235.0/251.8 
-0/119.0) 136. -0)170.0/187. .0| 221.0) 238.0/255.0 


.8/120.5| 137. .9}172.1}189. .6)223.8}241.0)258.2 
-6/122.0/189. .8/174.3) 191. -1/226.5) 244.0)261.4 
.8/123,5)141. -7/176.4)194. -7/229.3}| 246.9] 264.6 
1125.0) 142. -7| 178.5) 196. -2|232.1|249.9)267.8 


-4/126.4) 144. -6) 180.6) 198. -8) 234.8} 252.9) 270.9 
-7|127.9) 146. -5)182.8/201. -3] 237.6] 255.9|/274.1 
-9}129.4) 147. -4)184.9) 203. -9| 240.3] 258.8)277.3 
-2/130.9) 149. -3/187.0/205. 4) 243.1] 261.8)280.5 


-9/132.4/151. -2/ 189.1) 208. .0) 245.9} 264.8) 283.7 
14.8)133.9| 153. -1/191.3)210. .5) 248.6] 267.8) 286.9 

.0)135.4| 154. .0)193.4)212. -1)251.4)270.7/290.1 
-3/136.9) 156. .0)195.5) 215. .6|254.2|273.7)293.3 


.6/138.3) 158. -9)197.6|217. .2|256.9]276.7/296.4 
9/129.8) 159. -8)199.8]219. .7|259.7|279.7|299.6 
H 141.3/161. -7)201.9)222. .3] 262.4) 282.6/302.8 
.0)122.41142.8) 163. -6/ 204.0) 224. .8) 265.2] 285.6}306.0 


-1)/123.7/144.3] 164. -5) 206.1} 226. 4} 268.0} 288.6/309.2 
-1/125.0)145.8) 166. 4) 208.3) 229, .9}270.7]291.6}312.4 
-2)126.2)147.3) 168. .8}210.4) 231. 273.5) 294.5/315.6 
-3}127.5)148,8] 170. .3|212.5] 233.8] 255.0)276.3}] 297.5,318.8 
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CARNEGIE STEEL COMPANY 


SQUARE AND ROUND BARS 


WEIGHTS AND AREAS 


Weight, Lbs. | Area, Square | Weight, Lbs. Area, Square 
per Foot Inches | Inches 


24.03 | 9. | 7.069 
| 25.05| 9.379) 7.366 
| 26.08 | 9. 7.670 
| 27.13 | 10. 7.980 


28.21 : 8.296 
29.30 : 8.618 
| 30.42 2 8.946 
31.55 5 9.281 


32.71 9.621 
33.89 : 9.968 
| 35.09 : 10.321 
| 36.31 - 10.680 


37.55 | 14. 11.045 
38.81 | 14.535 | 11.416 
40.10 | 15. 11.793 
41.40 | 15.504 | 12.177 


42.73 : | 12.566 
44.07 : 12.962 
45.44 4 13.364 
46.83 : 13.772 


48.23 4 14.186 
49.66 : 14.607 
51.11 : 15.033 
52.58 & 15.466 


54.07 : 15.904 
55.59 5 16.349 
57.12 : 16.800 
58.67 ; 17.257 


60.25 - 17.721 
61.85 : 18.190 
63.46 : 18.665 
65.10 : 19.147 


66.76 4 19.635 
68.44 : 20.129 
70.14 ¥ 20.629 
71.86 g 21.135 


73.60 é 21.648 
75.36 , 22.166 
77.15 ; 22.691 
78.95 23.221 


80.78 : 23.758 
82.62 : 24.301 
84.49 4 24.850 
86.38 : 25.406 


88.29 c 25.967 
90.22 ‘ 26.535 
92.17 : 27.109 
94.14 : 27.688 


24.033 | 9. : : 96.13 ; 28.274 


WEIGHTS OF BAR 


SQUARE AND ROUND BARS 


WEIGHTS AND AREAS 


Area, Square 


Inches 


Weight, Lbs. 
per Foot 


| 


Area, Square 
Inches 


O 


O 


O 


O 


O 


122.40 
124.96 
127.55 
130.17 


132.81 
135.48 
138.18 
140.90 


143.65 
146.43 
149.23 
152.06 


154.91 
157.79 
160.70 
163.64 


166.60 
169.59 
172.60 
175.64 


178.71 
181.81 
184.93 
188.07 


191.25 
194.45 
197.68 
| 200.93 


| 204.21 
| 207.52 
210.85 
| 214.21 


217.60 
221.01 
| 224.45 
227.92 


231.41 
234.93 
238.48 
| 242.05 


(245.65 
| 249.28 
| 252.93 
256.61 


260.31 
264.04 
267.80 
| 271.59 


| 275.40 


36.000 
36.754 
37.516 
38.285 


39.063 
39.848 
40.641 
41.441 


42.250 
43.066 
43.891 
44.723 


45.563 
46.410 
47.266 
48.129 


49.000 
49.879 
50.766 
51.660 


52.563 
53.473 
54.391 
55.316 


56.250 
57.191 
58.141 
59.098 


60.063 
61.035 
62.016 
63.004 


64.000 
65.004 
66.016 
67.035 


68.063 
69.098 
70.141 
71.191 


72.250 
73.316 
74.391 
75.473 


76.563 
77.660 
78.766 
79.879 


216.30 | 81.000 


28.274 
28.866 
29.465 
30.069 


30.680 || 


31.296 


31.919 || 


32.548 


33.183 
33.824 
34.472 


35.125 || 


35.785 
36.450 
37.122 
37.800 


38.485 
39.175 
39.871 
40.574 


41.282 
41.997 
42.718 
43.445 


44.179 


44.918 | 


45.664 
46.415 


47.173 
47.937 
48.707 
49.483 


50.265 
51.054 
51.849 
52.649 


53.456 
54.269 
55.088 
55.914 


56.745 
57.583 
58.426 
59.276 


60.132 
60.994 
61.863 
62.737 


63.617 || 


216.30 
219.31 
222.35 
225.41 


228.48 
231.58 
234.70 
237.84 


241.00 
244.18 
247.38 
250.61 


253.85 
257.12 
260.40 
263.71 


267.04 


81.000 
82.129 
83.266 
84.410 


85.563 
86.723 
87.891 
89.066 


90.250 
91.441 
92.641 
93.848 


95.0638 
96.285 
97.516 
98.754 


100.000 
101.254 
102.516 
103.785 


105.063 
106.348 
107.641 
108.941 


110.250 
111.566 
112.891 
114.223 


115.563 
116.910 
118.266 
119.629 


121.000 
122.379 
123.766 
125.160 


126.563 
127.973 
129.391 
130.816 


132.250 
133.691 
135.141 
136.598 


138.063 
139.535 
141.016 
142.504 


144.000 | 


63.617 
64.504 
65.397 
66.296 


67.201 
68.112 
69.029 
69.953 


70.882 
71.818 
72.760 
73.708 


74.662 
75.622 
76.589 
77.561 


78.540 
79.525 
80.516 
81.513 


82.516 
83.525 
84.541 
85.563 


86.590 
87.624 
88.664 
89.710 


90.763 
91.821 
92.886 
93.957 


95.033 
96.116 
97.205 
98.301 


99.402 
100.510 
101.623 
102.743 


103.869 
105.001 
106.139 
107.284 


108.434. 
109.591 
110.754 
111.923 


113.098 


CARNEGIE STEEL COMPANY 


COLD TWISTED SQUARE BARS 


Size, 
Inches 


Area, 
Square Inches 


Weight per Foot, 
Pounds 


Ac 


VA 


4.0000 
3.5156 
3.0625 
2.6406 
2.2500 
1.8906 
1.5625 
1.2656 
1.0000 
0.8789 
0.7656 
0.6602 
0.5625 
_ 0.4727 
0.3906 
0.3164 
0.2500 
0.1914 
0.1406 
0.0977 
0.0625 


13.600 
11.953 
10.413 
8.978 
7.650 
6.428 
5.313 
4.303 
3.400 
2.988 
2.603 
2.245 


1.913 
1.607 
1.328 
1.076 
0.850 
0.651 
0.478 
0.332° 
0.213 


Cold twisted bars will conform to Manufacturers’ Standard Specifications, unless otherwise specified, 
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CONCRETE REINFORCEMENT BARS 


DEFORMED BARS 
CORRUGATED ROUND BAR CORRUGATED SQUARE BAR 


; = — ee 
Section Size, | Weight per || —‘ Section Size, | Weight per 
Index Inches | Foot, Pounds Index Inches Foot, Pounds 
Corrugated Round Bar—Type C | Corrugated Square Bar—Type D 
i | | 
| | #*M 1732 184 10.48 
| | *M 1731 1% 7.69 
*M 1618 1% 4.21 *M 1650 1% _. 5.35 
*M 1617 114 3.4L *M 1651 11% | 4.34 
*M 1616 1 | 2.69 | *M 1652 { 3.43 
*M 1615 iB 2.06 *M 1653 1k 2.64 
*M 1614 34 1352 | *M 1654 34 1.94 
*M 1613 58 1.05 *M 1655 5% 1.35 
*M 1612 %e 0.86 *M 1656 Wy 0.86 
*M 1611 yy 0.66 *M 1657 3% 0.49 
*M 1610 36 0.38 | *M 1658 4 0.22 


Section Size, Weight per 
Index Inches Foot, Pounds 

*M 1530 14 5.31 

#M 1531 114% | 4.30 

*M 1532 1 3.40 

*M 1533 if 2.60 

*M 1534. 84. 1.91 

¥*M 1535 5h 133) 

*M 1536 % 0.85 

¥*M 1537 86 0.48 


* Furnished only by special arrangement. 


CARNEGIE STEEL COMPANY 


DEFORMED BARS—Continued 
HAVEMEYER SQUARE BAR HAVEMEYER ROUND BAR 


HAVEMEYER FLAT BAR MONOTYPE BAR 


Rolled for Concrete Steel Co. 


Section | Size, Weight per Section Size, Weight per 
Index | Inches Foot, Pounds Index Inches Foot, Pounds 
Havemeyer Square Bar Havemeyer Round Bar 
*M 1599 1% 7.65 *M 1629 1% 4.17 
*M 1609 136 6.43 *M 1628 1% 3.38 
*M 1608 1% 5.31 a 1627 ; 2.67 
*M 1607 1% 4.30 1626 % 2.04 
*M 1625 34 1.50 
*M 1606 1 3.40 *M 1624 5, 1.04 
*M 1605 % 2.60 *M 1623 WY 0.67 
*M 1604 34 1.91 *M 1622 36 0.38 
*M 1603 5g 1.33 *M 1600 yy 0.17 
*M 1602 VY 0.85 | 
*M 1601 3% 0.48 Monotype Bar—Equivalent to Square 
*M_ 1598 Ae 0.33 
*M 1621 iY 0.21 *M 2151 14, 5.39 
*M 2152 1% 4.37 
Havemeyer Flat Bar en Sree ee i 
ea “| *M 2155 ¥/, 1.94 
*M 2156 % ESD) 
; : *M 2157 Wy 0.86 
+M 2230 1%4%x% 2.98 *M 2158 3% 0.49 
*M 2231 184 X 746 2.60 
**M 2232 1%, x %& 2.23 Monotype Bar—Equivalent to Round 
*M 2233 1%x% 2.55 ea; 
*M 2234 114 x %& 1.91 *M 2161 1% 4.24 
*M 2235 | 114 x %o 1.59 thy oe ae ae 
AM 2236 14x %& 1.59 *M 2164 7 208 
*M 2237 | 1 x % 1.28 eof Giese 4) ue 
*M 2238 ae A 0.85 *M 2166 5g 1.06 
*M 2167 WY 0.68 
*M 2168 3% 0.38 


* F urnished only by special arrangement. 
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CONCRETE REINFORCEMENT BARS 


DEFORMED BARS—Concluded 


WING BAR—TYPE A WING BAR—TYPE B 


Rolled for Trussed Concrete Steel Co. 


SQUARE RIB BAR—TYPE A ROUND RIB BAR—TYPE B. 


Section Size, Weight per Foot, | i i Weight per Foot, 
Index Inches Pounds ; Pounds ; 


Wing Bar—Type A | Wing Bar—Type 


*M 1513 | 3% 
*M 1512 | 25% 
2% 


| Round Rib Bar—Type B 
| : 


Section Size, Weight per Foot, Size, |Weight per Foot, 


Index Inches | Pounds | | Inches Pouads 


Square Rib Bar—Type A 


4M 1918 1% | 5.31 | : 1% 4.17 
*M 1917 1% 4.30 1% | 3.38: 
*M 1916 1 3.40 | 1 2.67 
*M 1915 2.60 | f 2.04 
*M 1914 / 1.91 1.50 
-*M 1913 1.33 1.04 
*M 1912 0.85 0.67 
*M 1911 0.48 | *M 2501 3% 0.38 
*M 1910 0.21 i 


* Furnished only by special arrangement. 


CARNEGIE STEEL COMPANY 


CROSS TIE SECTIONS 


M 28A 
Same as M 28. excepting Web Thickness, 


' ” \ 


e@--- —-—------§-------~-----» 
| Width of Flanges Weight 
Section Depth, | ‘Web Thickness, per Foot, 
Ender Inches Top, Inches | Bottom, Inches | Inches Pounds 
M 28A 6% 5 10 Ae 29.8 
M 28 6% 5 10 he } 27.8 
M 29 54% 5 8 3% tO B34 24.0 
M 21 5% 44% 8 wy | 20.0 
M 25 AY 4 6 WY 14.5 
M 24 3 3 5 13,4 9.5 


Full information as to uses of steel cross ties is given in a separate pamphlet on Steel 
Cross Ties, 
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CROSS TIE SECTIONS—Concluded 


CROSS TIES 


M 27 
M 20 
M18 
M26 
Section, Depth Width Web Thickness, | Weight per Foot, 
Index Inches Inches Inches Pounds 
M 27 214 ik yy 9.0 
M 20 2 6 %6 6.0 
M 18 1% 5 Sho 4.0 
M 26 1346 4154, 1g 3.20 
M 19 14g a Wes 2.51 


Full information as to uses of steel cross ties is given in a separate pamphlet on Steel Cross Ties. 
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CARNEGIE STEEL COMPANY 


C. E. RAILS AND LIGHT RAILS 


er a ee Ae See 


Weight 
per Yard, | 
Pounds | In. | In. | In. | In. | In. | In.| In.}) In. | In.| In. | In./ In. 


Section 
Index 


10040 100 584 584 =| 284 =| 14564|35%4 | 8440] Ao | 25408 | %e6| 14 | Ke) 146 
9040 90 5% 15386 1256 |11%2 | 255¢4 | 5% 4 | %6 | 245428 1546] % | Yo| Yo 
8540 85 |5%6 |5%e | 2% | 12564) 284 |5%4| Me |21%4 | 46] 4 |146| He 
8040 80 |5 5 2% |1%%) |256 | % |8564!2346 | 546) %4 |4e| Ko 
7540 75. |41846| 41346 | 21560 | 12%a4 | 2564 | 2742 |1%42| 215408 |%46| 4 |46| Ye 
7040 70 45g |456 |2%%6 | 11462] 21542 | 1346 | 8364) 2364 =| | 14 |146| 4e 
6540 65 4%6 |4%A6 | 21362/1%2 | 236 | 2542] 42 11362 | 546] 14 | 146 | ho 
6040 60 4% |4%, | 236 | 1% |21%4|49%64 | 864 |111% 28) %o| 4 | 46 | oe 
5540 55 |4%46 |4%6o [2% | 12% 4| 21es | 2840 | 1542 | 1198408 | 546] 14 | 46 | Ho 
5040. 50 3% 13% |2%8 |1% |2%e | 46] Ao |12%2 |%4o] 4 | %o| Ho 
4540 45 |31%46)\31%46| 2 16 | 18%42}2%42|?%4| 144%. | Ao! 4 |46| Me 
4040 40 |3% |3% |1% |1¥ea | 15%) 56 | 5 

3540 35 = | 3%e |3%46 | 1% 8444 | 12569 | 8%4 | 2364|11562 | %4e| 14 |Yo| Yo 
3040 30 |3% [3% |11%o6| % |12%42/1%2)2464|12%4 | 46) 4 |Yo| Yo 
2540 25 23%, |2%, |1% 25h0 | 13164 | 3444 11% 4! 12% 08 | 14 | % |146| “Yo 
2040 20 258 |256 |11162| 2362|11560|%0 | 4 |11%4 | 4 | Ko Ye 
1640 16 |288 |23% |11%4| 4464) 12%64| 36 | Yeo |1%2s | %e|%e Ye 
1440 14 2Me |2l4o |e | % [1962 |Ye2| 4 | Yea | 52/%o Vo 


1240 ie ll 2 1 %oe |1362 |Yee| %e| Ys |562|%o Yo 
1040 10 1% (1% | 1546) 384] /46|1%s| %o | 4% | 562/846 Veo 
840 8 1%. |1%6 | 1%46| 1%2| 1%46! %2 | S2| Me |562!%e Yo 


RAILS 


oo SSSSssSSSSSSSSSSSsSSSssSss 


AMERICAN RAILWAY ASSOCIATION RAILS 


aes 
q | 
1 1 
x 
1 
| 
ey 
1 
i | 
At 
£ | 
PRE one 
SERIES A 
a —— = = — SS 
Secti Weight x b c d es (i g h Shaan aes ee. 
Berges Per Yard, } | —| 
Pounds | In. | In. | In. In. In. In. In. In. |In.|In.| In. } In. 
10020} 100 |6 | 5% | 2% |1%6 |3% |1446 | %6 |21%46] % | S446 | 46 
9020 90 | 55% | 5% | 2%o | 11562/3%2 | 1 %e |2?%2) 98 | % | Yeo | Veo 
8020 80 | 5% | 456 | 216 |1%46 | 2282) 8142] 884 | 2%6 | 36 | 8% | 46 | Yo 
7020 70 | 434 | 4% | 286 |11142/21% 2%o| Vo |,21860) 8% | 86 | Ye | Ye 
6020 60 |4%/|4 214 | 11564 |22%4| 1846] 15h0 | 2174! 8% | 36 | Ye | Ye 
pe ene ae 
' 
SERIES B 
Section |_ Weight a b c d es ee g/ h Holly) k ] 
Tndee\bee Yard, 
Pounds | In, In. In. shi |) abst, In, |In.} In. |In.| In. | In. | In. 
10030 | 100 = |541%4| 5% | 2?Y%o| 14564] 25564) 1564 | %16 |2% es) 86 | “oe | Yo |e 
9030 90 |51%4/44%4|2%6 |19%4/256 | 1462 |%o6 [21462 | 86 | He | Ko | Mo 
8030 80 |41546/4%A6 | 2%e | 11562} 21542) 1 B5p4\21554 | 86 | 546 | Yo |e 
*7030 70 | 43544 /4864 | 286 | 12364|21%4| 5%4 |88642os | 86 | 546 | Yo | 46 
*6030|; 60 |4346 |31%6/2% |1% |2%6 | % |P¥a\12%o | 8% | Ao | Uo |Yo 


*Not rolled by Carnegie Steel Company. 
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CARNEGIE STEEL COMPANY 


SPLICE BARS 


A. 8, C. E. RAILS AND LIGHT RAILS 


510040 to $5540 


i 


r 


e 


itris-ste-h---eg ego h-y 


1 
] 
i 
+ 
| 
| 
t 


Section | Unfinished 


*Pounda a. 


10040| 15.8 [856s {12869 2%: 6 %2 3% 

9040 | 13.5  |255¢4! b 1564 |21546 
8540 | 12.4 [284 (187 : | 4 The |22% eo 
8040 | 11.5 25% 2| 254 %e (2% 

7540 | 10.7 2354/15 230 214 98 |221%o| 7 
7040 | 10.0 = 215691274) 4% 64 214 
6540 9.2 |286 |12864!/4564| 2Yeo Sho |21860) 7 
6040 8.4 — |217/4)11%4| 486. 214 98/2%4e6 
5540 7.5 |21%411564 2 ‘ 562 |2igo 
5040 6.6 2146 |116 2 2 2 %s 246 
4540 5.8  |18442)1 864 L $2 Yea |13Yeo 
4040 | 5.0  |15564! 8142) 44 [1542 %os 1% 

3540 | 4.6  |12569) 574): Yos. 12560 
3040 3.97 |12869) 270 : 5¢4 11146 
2540 2.20 |18%4) 34 

2040 1.87 |11569|} 1146 
1640 1.70 |12364) 38% 
1440 1.36 |1840 | 1% 
1240 1.36 |1849 | 1%e 
1040 0.99 1546) 1540 
840 0.75 1346) Ae 


RANDRNRMMAARMARMRAAADRAERBARARALBR 


, } | 
Splice Bars § 10040 to $5040, inclusive, are for A.S. C. E. Rails. 
Splice Bars § 4540 to S 840, inclusive, are for Light Rails. 


‘ 


SPLICE BARS . 


SPLICE BARS—Concluded 
9 AMERICAN RAILWAY ASSOCIATION RAILS 


se gla 


SERIES A 


-g--- 


Ce 
« 
f 


1 
ei7th 


Weight 
per Foot, 


Section | Unfinished - 


Sa Ln: : d s 
Pouade me Wi Ine In 


S$ 10020, 19.0 3%% |123%60 1562 1%2 2Vyo 15fsy 
S 9020) 16.6 [3% |12%%. 150 11442)1%2| %e6 | 1544) Ae 
*S 8020! 13.4 |22%40'1170 5/98 11564] 8%. | 28/4 bo! 25/4. 
S 7020) 11.6 |244 |12%4 13,0 1% 4 | 884 | 254 2 2564 
S 6020) 10.6 |27%64)12V%4 25641116 12864285 os) 34 "Aes 


Dy ow] 


bo 


8 10030 8 9030 to S 6030 


dene 


SERIES B 


apna sae Breen m cots 


pte 


Section 
- Index 


In. y i < é |) dias 


| 


*S 10030) 9 |25564/12%60) 2960 s\1tgo 2% 


Ss 


BS EDS oS OS 


29% 


*S3 9030 A |25% |12%%9| 290 ge |1 Veo 2%» 
*S 8030 6 |21562/11%0) 2740) ¥ g2 |LYos2%o 
*S 7030 9 |217%41%6 |1%46 5564 
*S 6030 5 |2%e6 1% |e 5064. 


ews 
os te 
be 


eQ 


*Not rolled by Carnegie Steel Company. 
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CARNEGIE STEEL COMPANY 
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RAIL ACCESSORIES 


RAIL CLIPS 
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Tnched Clip, Rail Section 


| Pounds Au 


24%, x2 B 0.64 100 to 60 lb. A. 8. C. E. Rails. 
114 ¢x1% is 0.25 50 to 20 lb. A. S. C. E. Rails. 
2% x2 4 0.85 100 to 60 Ib. R. B. Rails. 

21546 x2 fs 1.10 100 to 60 Ib. A.S.C.E. Angle Bars 
21%, x2 0.70 Girder Rails. 


"Clips can be furnished with 2542’ diameter holes. 


CARNEGIE STEEL COMPANY 


PIPE—BLACK AND GALVANIZED 


NATIONAL TUBE COMPANY STANDARD 


STANDARD PIPE 


Diameters, Weight per Foot, 
Inches : Pounds 


Couplings 


if 1 Plain ne Diameter,! Length, | Weight, 
es og ie Ends cart Inches | Inches | Pounds 
Couplings 


405 | .269| . 244 | 245 562! % .029 
540] .364] . 424 | 425 Lo 6884 ex .043 
675 | 493] . .567 | .568 | -.s48| 1% .070 
840 | .622.| . 850 | .852 | 1.024] 13% .116 


1.050 824]. 1.130 | 1.134 1.281 1% -209 
1.315 T.04:9,)))5. 1.678 | 1.684 1.576) 1% 343 
1.660 1.380] . 2.272 | 2.281 1.950; 2% -535 
1.900 1.610} . 7 et Bar > 2.218| 2% -743 


2.375 | 2.067] . 3.652 | 3.678 | 2.760] 25% 1.208 
2.875 | 2.469] . 5.793 | 5.819 | 3.276| 2% 1.720 
3.500 | 3.068] . 7.575 | 7.616 3.948] 33 2.498 
4.000 | 3.548] . 9.109 | 9.202 4.591) 3% | 4.241 


4.500 | 4.026]. 10.790 |! 10.889 5.091] 3% 4.741 
5.000 | 4.506; . 12.538 | 12.642 5.591] 35 5.241 
5.563 5.047 | . 14.617 | 14.810 6.296| 41% 8.091 
6.625 | 6.065} . 18.974 | 19.185 7.358| 4% 9.554 


7.625 | 7.023] . 23.544 | 23.769 8.358} 41 10.932 
8.625 | 8.071] . 24.696 | 25.000 9.358| 4% 13.905 
8.625 | ‘7.981 | . 28.554 | 28.809 9.358 | 4% 13.905 
9.625 | 8.941]. 33.907 | 34.188 10.358 | 5% 17.236 


10.750 | 10.192] . 31.201 | 32.000 11.721} 63% | 29.877 
10.750 | 10.136 | .30' 34.240 | 35.000 11.721| 6% | 29.877 
10.750 | 10.020 | .365 | 40.483 | 41.132 11.721) 63% | 29.877 
11.750 | 11.000) . 45.557 | 46.247 12.721| 64% | 32.550 


12.750 | 12.090 | . 43.773 | 45.000 13.958; 6% | 43.098 
12.750 | 12.000] . 49.562 | 50.706 13.958! 6% | 43.098 
14.000 | 13.250] . 54.568 | 55.824 15.208} 614 | 47.152 
15.000 | 14.250! . 58.573 | 60.375 16.446} 6% | 59.493 


16.000 | 15.250; . 62.579 | 64.500 17.446) 61% | 63.294 


Tm wmWmmnmnMm DWDWOHDH DHHDMH WHMHMH ODHDW 


The permissible variation in weight is 5 per cent. above and 5 per cent. below. 

Furnished with threads and éouplings and in random lengths unless otherwise ordered. 

Taper of threads is 34’’ diameter per foot length for all sizes. 

The weight per foot of pipe with threads and couplings is based on a length of 20 feet, 
including the coupling, but shipping lengths of small sizes will usually average less than 20 feet. 


All weights and dimensions are nominal. On sizes made in more than one weight, weight 
desired must be specified. 
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PIPE 


PIPE—BLACK AND GALVANIZED—Conciuded 


NATIONAL TUBE COMPANY STANDARD 


EXTRA STRONG PIPE DOUBLE EXTRA STRONG PIPE 
; Weight, Weight 
Diameters, f per Diameters, ’ Se 
Sinat|| Inches Thick- Foot, | Size Inches Thick- Foot, 
ie ness, | Pounds || 7,’ ness, | Pounds 
| Inches |>————| > || > = alee Re ,al| Lnches sf 
| External | Internal Flam + 5) External | Internal Plain 
Ends | Ends 
i} -.405 | 215] 095 | .314|] 34] .840 | .252 | 204] 1.714 
y% -540 302 | .119 -535 34 | 1.050 434 | .308 2.440 
3% -675 -423 | .126 738 || 1 1.315 -599 | .358 3.659 
ye) _—«.840 -546 | .147 | 1.087 || 134] 1.660 896 | .382 | 5.214 
34| 1.050 742 | .154 1.473 || 144) 1.900 1.100 | .400 6.408 
1 1.315 -957 | .179 2.171 || 2 2.375 1.503 | .436 9.029 
14%) 1.660 1.278 | .191 2.996 || 2144} 2.875 Lith -552 | 13.695 
1%) 1.900 1.500 | .200 3.631 || 3 3.500 2.300 | .600 | 18.583 
2 2.375 1.939 | .218 5.022 || 3144] 4.000 2.728 | .636 | 22.850 
214) 2.875 2.323 | .276 7.661 || 4 4.500 3.152 | .674 | 27.541 
3 3.500 2.900 | .300 | 10.252 || 442/] 5.000 3.580 | .71Q.| 32.530 
34%) 4.000 3.364 | .318 | 12.505 || 5 5.563 4.063 | .750 | 38.552 
a 4.500 3.826 | .337 | 14.983 || 6 6.625 4.897 | .864 | 53.160 
4%, 5.000 4,290 | .355 | 17.611 || 7 7.625 5.875 | .875 | 63.079 
5 5.563 4.813 | .375 | 20.778 || 8 8.625 6.875 | .875 | 72.424 
6 6.625 5.761 | .4382 | 28.573 
if 7.625 | 6.6251 .500 | 38.048 Furnished with plain ends and in random 
8 8.625 | 7.625] .500 | 43.388 | lengths unless otherwise ordered. 
9 9.625 | 8.6251 .500 | 48.728 Permissible variation in weight, for extra 
10 10.750 | 9.750] .500 | 54.735 ang pipe, 5 per cent. above and 5 per cent. 
Ow. 
1 to bee ee gate poe phot eer extra strong pipe, 10 per cent. 
120} 14.000-| 13.000 }).500 | 72:091 | SPOxe Sud10 por cent. below, ; 
14 15.000 | 14.000 | 1500 | 77.431 weights and dimensions are nominal. 
15 | 16.000 | 15.000 | .500 | 82.771 2 


LARGE O. D. PIPE 


Weight per Foot, Pounds 


Thickness, Inches 


ee 
& 5h, % 1 


Rei 


V4 Ac 38 Ae VW %e 


14|36.713/45.682) 54.568] 63.371) 72.091) 80.726) 89.279)106.134/122.654/138.842 
15|39.383)/49.020) 58.573) 68.044) 77.431) 86.734) 95.954)114.144)132.000)149.522 
16|42.053/52.357| 62.579) 72.716) 82.771) 92.742)102.629)122.154)141.345)160.202 
17|44.723/55.695| 66.584) 77.389] 88.111) 98.749}109.304)130.164)150.690)170.882 
18/47.393/59.032} 70.589} 82.061) 93.451)104.757|115.979/138.174)160.035/181.562 | 


20 65.708] 78.599) 91.407|104.131/116.772)129.330/154.194/178.725|202.923 
21 69.045} 82.604) 96.079|109.471)122.780)136.005)162.204 

22 72.383) 86.609|100.752)114.811|128.787|142.680)170.215 

24 94.619}110.097|125.491/140.802/156.030/186.235 

26, 102.629]119.442/136.172/152.818/169.380|202.255 

28 128.787|146.852/164.833/182.730|218.275) 

30) 138.132]157.532|176.848)196.081/234.296) Maca! 


Furnished with plain ends and in random lengths, unless otherwise ordered. ; 
All weights and dimensions are nominal. 
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CARNEGIE STEEL COMPANY . 


SCREW THREADS 


AMERICAN BRIDGE COMPANY STANDARD 


Bouts, Rops, Eyp Bars, TURNBUCKLES, SLEEVE NUTS, AND CLEVISES 


> 


b=p cos 30° 
0.866 p_. 


anne 
' 
' 


ae ee 
200 Wed 
--=p---¥-------- 


Vy-0.s19» 


Diameter Number | 


; = 0 zener : 

Total Net Threads [ Total 
d, Dia., ¢, per d Dia., d, 

In. ' Sq. In. Inch | . ; Sq. In. 


-027 4.909 
-068 . 5.412 
126 : 5.940 
-202 : 6.492 


-302 
.419 . 7.069 


8.296 
551 : 9.621 


-693 11.045 
-890 


1.054 12.566 
1.294 | ‘ 14.186 
1.515 : 15.904 
1.744 . 17.721 


ge | 19.635 
2.300 "730 |21.648 
2.649 ‘ 23.758 
3.021 | '203 |25.967 
3.419 | | 423 |28.274 


BOLT HEADS AND NUTS 


AMERICAN BRIDGE COMPANY STANDARD 


Rough Nut Finished Nut Rough Head Finished Head 
f g at g f h f h 
1.5d+" d 1.5d+%6"| d—%o" |11.5d+3%"| °0.5f |1.5d+%610.5f—Y%o5" 


For Screw Threads, Bolt Heads and Nuts, the American Bridge Company has adopted the 
Franklin Institute Standard, commonly known as United States Standard. 
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BOLTS ' 


BOLT HEADS AND NUTS, Dimensions 1n INcHES 


AMERICAN BRIDGE COMPANY STANDARD 


HEAD. NUT 

2 Hexagonal peor Square B Hexagonal eee Square 
= =i — 
HO co © 
fe Seas lie ie) eee 
A Diameter Diameter a Diameter Diameter 

Long | Short | Height} Long { Short Long | Short | Height! Long | Short 
% zk We oe he | % 14| %& Wn YG We} % 
%| 1%6 | tel % |1 lie | 3 \1% | tHe} 3 | 1 lth, 
%\1 % Ae |1% % % 3 4g |1% i 
5g | 1% 1l%e %e | 1% 1%o 4) 1% 1%e6 4% 11% 1\%6 
34 |lw%se |1% % 11%, | 1% %4\1l%Ase |1% 3% | 11%6 | 1% 
%\11%e | lhe 54 2446 | 1%e % | 1/6 | 1%46 % |\2%e | lhe 
1 |1% |1% | 1%e | 2546 | 156 1 |1% |1% i 2746 | 15% 
1% | 2% 11% 6 16 | 2%e6 11%, || 14% | 21% 11%46 1% | 2%6 11346 
144 | 2%6 2 | 2134, | 2 1% | 26 4 144% | 21%6 | 2 
13% | 2%6 | 2%6 1% 31% 2546 134|2%6 | 2%e 1% |3% 2546 
1% | 2% 238 1%e | 3% 23% 1% | 2% 2% 1% | 3% 23% 
1% /3 2%6 |1%6 | 3% 2%6 || 1544/3 2%6 | 15% | 3% 2% 6 
134 |3%6 | 254 8 3% 234 134 | 3%6 | 234 1% °|3% 234 
1% |3%e6 | 21%46}1% | 4%6 | 2146 || 1%) 3%6 | 21%46 | 1% | 4%6 | 2146 
2) 356 3% 1%6 |4%6 | 3% 2 3% 3% 2 4% 6 y 
244/4%6 |3% 1% 41%46 | 3% 24% |/4U%6 | 3% 21 | 41546 | 3% 
24%)4% 3% 11%46 | 5% 3% 244|/4% 3% 24% |5% 37% 
234 | 41546 | 4%4 24% 4M 234 | 44%6 | 414 234 4% 
3 5% 45% 256 |6%e6 | 45% 3 58% 456 3 6%6 | 456 
3% | 51%46 24% 17.6 314 | 51%46 | 5 384% |7%6 | 5 
3% | 6% 586 2146 |7% | 536 344|6% | 5% 34% 175% | 5% 


BOLT THREADS, Lrenerts in IncHEs 


AMERICAN BRIDGE COMPANY STANDARD 


Length, Diameter, Inches 

Ines | w&] wl WK] KH) Mw | wt | 1m [am 
1 to 1% % ofa, lee eh, | | 
154to 2 84 6 Veto Aen. B36 My dts. | | 
2%to 24%) % ee eb iy | 14 |. 197 | 1% 
25% to 3 % wea LZ ease eee 19g bey 
3% to 4 K% K% 1% 1% 1% 134 134 2% 2% 
4%to 8 | 1 1 111 1144 2134.1 2 2% | 2% | 2% 
sK%to12 | 1 1 1% | 1% | 2 PL i | a Sa 
12% to20 | 1 1 1% |! 2 2 24% | 2% | 3 3 


Bolts not listed are threaded about 3 times the diameter; in no case are standard bolts 
threaded closer to the head than 14 inch. 
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CARNEGIE STEEL COMPANY 


BOLTS WITH SQUARE HEADS AND NUTS 


AMERICAN BRIDGE COMPANY STANDARD 


WEIGHT IN PouNnpbs PER 100 Bouts 


= 


Diameter of Bolt, Inches 


SCOHMOMNNAOAAAN SS 


eee 
ar 


| 
| 
| 


Per Inch 
Additional 


SQUARE NUTS AND BOLT HEADS 


AMERICAN BRIDGE COMPANY STANDARD 


WEIGHTS IN Pounps ror ONE Heap AND OnE Nout 


Diameter of Bolt, 
Inches 


Square Head and Nut....} 2.05 ‘ 15.5 26.2 


Weight of Shank per Inch| .3477 -5007 -6815| .8900 1.391 2.003 
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BOLTS 


, BOLTS WITH HEXAGON HEADS AND NUTS 


AMERICAN BRIDGE COMPANY STANDARD 


WEIGHT IN PouNps PER 100 Botts 


Diameter of Bolt, Inches Length Diameter of Bolt, Inches 
Under 
| | Head, 
4 % Inches v7 


52 
54 
57 
60 
63 
66 
69 
72 
75 
78 
82 
85 
88 
90 
94 
SG 


| 
Per Inch | Per Inch 
Additional| ~~ ’ : “ || Additional 


HEXAGON NUTS AND BOLT HEADS 


AMERICAN BRIDGE COMPANY STANDARD 


WEIGHTS IN PouNDS ror ONE Heap AND ONE Nour 


Diameter of Bolt, | 3 
| 


Inches 1% 


1% 1% 


Hexagon Head and Nut..} 1.73 2.95 4.61 6.79 


| 

i 
| 

| 


_ Weight of Shank per Inch| .3477 .5007 6815 .8900 
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CARNEGIE STEEL COMPANY 


UPSET SCREW ENDS FOR SQUARE BARS 


AMERICAN BRIDGE COMPANY STANDARD 


Pitch and Shape of Thread A. B. Co. Standard 


UPSET 


Additional 


Area, Weight Diameter Length 
per b a for 


Sq. 
Foot, < Upset 
Inches pee Inches +10%, Cc, Thread, 
Inches Sq. Inches 


0.563 | 1.91 1% ‘ 5 0.693 
0.766 | 2.60 1% A 0.890 


1.000 | 3.40 1% ‘ 1.294 
1.266| 4.30 1% 5 1.515 
1.563 | 5.31 1% : 2.049 
1.891 | 6.43 2 4 : 2.300 


2.250 | 7.65 24 : 3.021 
2.641] 8.98 23% : 3.419 
3.063 | 10.41 : 3.716 
3.516 | 11.95 : 4.619 


4.000 | 13.60 : 5.108 
4.516 | 15.35 : 5.428 
5.063 | 17.21 6.509 
5.641 | 19.18 ; 7.549 


6.250 | 21.25 : 8.641 
6.891 | 23.43 %4 : 8.641 
7.563 | 25.71 5 9.993 
8.266 | 28.10 5 11.330 


9.000 | 30.60 : 11.330 
9.766 | 33.20 : 12.741 
10.563 | 35.91 4 14.221 


Upsets marked * are special. 
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UPSET SCREW ENDS 


UPSET SCREW ENDS FOR ROUND 


AMERICAN BRIDGE COMPANY STANDARD 


Pitch and Shape of Thread A. B. Co. Standard 


UPSET 


Additional! Diameter TES | icc Os 
. Di engt at 
Diameter} Area, puncte a ce RoouoraaAceeont Excess 


Upset Thread Over 


, . ’ f 
Inches | Inches bai Inches +10%, 7 Thre ad, Area of 


Inches Inches Sq. Inches | . reek 


0.838 0.551 24.7 
1.064 0.890 48.0 


1.158 1.054 34.2 
1.283 1.294 30.2 
1.389 1.515 23.5 
1.490 1.744 17.5 


L711 2.300 30.2 
1.836 2.649 27.7 
134 2.405} 8.18 1.961 3.021 25.6 
1% 2.761} 9.39 2.086 3.419 23.8 


2 3.142 | 10.68 2.175 3.716 18.3 
2% 3.547 | 12.06 2.300 4.156 17.2 
2% 3.976 | 13.52 2.550 5.108 28.4 
23% 4.430 | 15.06 2.629 5.428 22.5 


2% | 4.909; 16.69 2.879 6.509 32.6 
258 5.412 | 18.40 2.879 6.509 20.3 
234 5.940 | 20.19 3.100 7.549 27.1 
2% | 6.492 | 22.07 3.317 8.641 33.1 


3 7.069 | 24.03 ‘ 3.317 8.641 22.2 


3% 7.670 | 26.08 3.567 9.993 30.3 
344 | 8.296 | 28.21 3.567 9.993 20.5 
33% | 8.946 | 30.42 3.798 11.330 26.6 


0.442] 1.50 
0.601} 2.04 


0.785 | 2.67 
1% 0.994 | 3.38 
1% 1.227] 4.17 
1% 1.485 | 5.05 


1% 1.767 | 6.01 
15% | 2.074) 7.05 


ack ek eR RRR 
RGN 


PeEeR PRB eM | 


3% 9.621 | 32.71 3.798 11.330 17.8 
3% |10.321 | 35.09 4.028 12.741 23.4 
334 |11.045 | 37.55 4.255 14.221 28.8 
3% |11.793 | 40.10 4.255 | 14.221 20.6 


Upsets marked * are special. 


CARNEGIE STEEL COMPANY 


EYE BARS 


AMERICAN BRIDGE COMPANY STANDARD 


ORDINARY EYE BAR 


ADJUSTABLE EYE BAR 


Minimum length of short end from center of 
\pin to end of screw, 6’-6’’, preferably 7’-0/’. 
Thread on short end to be left hand. 
Pitch and Shape of Thread A. B. Co. 
Standard. 


HEAD 


i} 


! 


BAR | SCREW END 


Max.|Min,| ¥ ia. Head 


In. 


Maximum | .Additional 


Ft. and In. 


Excess For 


over order- 


ing 
a Bar 


Pin Material, a, | 


m, 


Length 


Additional 


For 


ing 
Bar 


Material,b, 


For 


order-|figur- 


ing 


1- 
(| 37.5 


OS 


40.0 


4 
4) 41.7 


37.5 


35.0 


37.5 


35.7 


37.5 


bol bow oo] co eo A |'00 C9 08 


RO OSL Us Oncor 
lOO WINE WROD 


LI 


Xx 


NJONAIN INT 


RAs 


© 0,00 00 01} 00.00.00 
AX 


xX 


WHR OINDNROINF OO W 


Bars marked * should only be used when 


absolutely unavoidable. 


Deduct pin hole when figuring weight. 


AMERICAN 


LOOP RODS 


LOOP RODS 


BRIDGE COMPANY STANDARD 


a Be “For Turnbuckle 
Fe Boa \For Sleeve Nut 
Pitch and Shape of Thread A. B. Co. Standard 


ADDITIONAL LeneTH ‘‘ A” In Feet AND INCHES FoR ONE LooP 
A=4.17p+5.89r 


14% |0- 944/0-10 |0- 


114 10-10 |0-10%/0- 
1% |0-11 * |0-114/1- 
134 |1- 0 [1- o¥|1- 


+50 aia) Geil =v |= 
SERIES WARS cee 


*334 |1- 814/1- 9 |1- 
4 |1- 9441-10 |1- 
*414 tania 2= 
4% 2-0 |2- 
*434 pe ED ps 
5 2- 214)2- 
*5YG pas 
5% 2- 
*534 2- 
6 2- 
6% 

W 


11 

11% 
0% 
1% 
24% 
3% 
4% 
5% 
6% 
1% 
8% 

10 


_ 
an 


N Qo WO NH O 


Diameter or Side ‘‘r’’ of Rod in Inches 


1- 3 


1- 44% 
1- 5% 
1- 64% 


1- 7% 
1- 8% 


1- 9¥4)1- 


1-101 
1-114 


2- 0% 
2- 14% 
2- 244 


3- 0 


1% 


1% 


1% 


1% 


7 
oO NOn F WHR 


We lp 
_ 

oOo fe 

NS 


2- 54% 
2- 64% 
2- 74% 


2- 84% 


2- 94% 
'2-1014 
3- 0 


3- 1 


1-10 
1-11 
2- 0 


pe 


Ny 
ao ROO H 


2- 6 
2- 74% 
2- 844 


2- 914 


2-104 
2-11% 
3- 0% 


3- 1% 
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Pins marked * are special. 


Maximum shipping length of ‘‘l”=35 feet. 
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CLEVISES 


AMERICAN BRIDGE COMPANY STANDARD 
All dimensions in inches 
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Clevises above and to right of zigzag line may be used with forks straight, those below and 
to left of this line should have forks closed so as not to overstrain pin, 
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TURNBUCKLES AND SLEEVE NUTS 


TURNBUCKLES AND SLEEVE NUTS 


AMERICAN BRIDGE COMPANY STANDARD 
All Dimensions in Inches 
TURNBUCKLES SLEEVE NUTS 


a=6’’; a=9’’ for turnbuckles marked *, 
Pitch and shape of thread, A. B. Co. Standard. 


Standard Dimensions 
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« RECESSED PIN NUTS 


AMERICAN BRIDGE COMPANY STANDARD 
All Dimensions in Inches 


Distance between Shoulders 


+ 


To obtain grip, add ¥y’’ for each bar. i I Nuts threaded 6 threads per inch. 
To obtain distance between shoulders, add amount given in table to grip. 


Nut 


Diameter of Pin, Diameter 


Pattern 
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a Thick- 
ness 
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Weight, 
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Pins marked * are special. 2 
COTTER PINS 


AMERICAN BRIDGE COMPANY STANDARD 


94,” All Dimensions in Inches 
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RIVETS 
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Dimensions in Inches 
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GENERAL ForMULAS FoR PRopoRTIONS oF Rivets, in IncuEs 


Full driven head, diameter, a=1.5 d + 4" 


i 


0.4254 


b 


depth, 
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e=1 


radius, 


0.5d 
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+, Countersunk head, depth, 
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STRUCTURAL RIVETS 
AMERICAN BRIDGE COMPANY STANDARD 
Lenerus or Fietp Rivets FoR VARIOUS GRIPS 


Dimensions in Inches 


rGrip, a» k--Grip, a» «Grip, b— 


<---Length---l *----Length ---! 


Grip yey ht Diameter * Grip Diameter 
a Se RS Se %|%|%|] wij 1 
} 
| | 
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34 | 28% | 254 | 2% | 2% % 2% | 2% | 2% | 24 
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34 34 334 3% 3% 34 2% 2% 234 234 2% 
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wz | 3% | 3% | 3% 41 Mu 3% | 34 | 3% | 3% 
% | 3% | 3% 4% | 44 % | 34% | 3% | 3% | 3% | 3% 
% | 3% | 4 4% | 44 | 4% % | 34 | 3% | 3% | 3% | 3% 
Pom movcinl Srenitra|| Abe5 | aye % | 33% | 34 | 3% | 354 | 334 
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4 5% 554 | 534 5% |. 6 4 4% 5 5 5% 5% 
% | 5% | 5% 6% | 6% % | 5% | 54 | 54 | 5% 514 
% | 534 64% | 64 | 6% 4% | 54 | 5% | 5% | 54 | 5% 
% 6% | 6% | 6% | 6% 5% | 544 | 5% | 5% | 5% | 5% 
7% | 6% | 6% | 6% | 6% | 654 4% | 5% | 534 | 5% | 534 | 5% 
% | 64 | 6% | 6% | 634 | 6% % | 5% | 5% | 5% | 5% 

% | 6% 6% 634 6% % | 5K 6 6% 
% | 6% | 634 | 6% 1% YS NS 6% | 6% | 6% | 6% 


a 
S 
oN 
& 
NS 


SNAAN OAL 


BNO IEEE 


134 


RIVETS 


STRUCTURAL RIVETS 


AMERICAN BRIDGE COMPANY STANDARD 


WEIGHT IN Pounps PER 100 Rivets wits Burton HEaps 


Diameter of Rivet, Inches Length Diameter of Rivet, Inches 
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A Diameter of Rivets, Inches 
Button Heads Ys 54 84 % 1 1% | 1% 


100 Heads as made on rivets, Pounds...| 2. 5.0 | 9.7 | 16.0] 24.0 | 35.0 | 49.0 | 78.0 
100 Heads as driven in work, Pounds...} 1. 4.0 | 7.5 |12.5118.5 | 27.0} 37.5 | 51.0 


CARNEGIE STEEL COMPANY 


AMERICAN BRIDGE COMPANY 


SPECIFICATIONS 


FOR 


STEEL STRUCTURES 


Desian, DetTarts OF CONSTRUCTION AND WORKMANSHIP 


ApoptTep 1912 


DESIGN 


1. Loads. The steel frame of all structures shall be designed 
s0 as to safely support the dead and live loads. The dead load shall 
consist of the weight of all permanent construction and fixtures, 
such as walls, floors, roofs, interior partitions, and fixed or permanent 
appliances. The live load shall consist of movable loads on floors, 
loads due to machinery or other appliances, and the exterior loads 
due to snow on the roof and to wind. 


2. For structures carrying traveling machinery, such as cranes, 
conveyors, etc., 25 per cent shall be added to the stresses resulting 
from such live load, to provide for the effect of impact and 
vibrations. 


3. The wind pressure shall be assumed acting horizontally in 
any direction as follows:— 


First: For finished structures—A pressure of 20 pounds per 
square foot on the sides and ends of buildings and on the vertical 
projection of roof surfaces, or 


Second: In process of construction—A pressure of 30 pounds 
per square foot on vertical surfaces and the vertical projection of 
inclined surfaces of all exposed metal or other frame work. 


CONSTRUCTION SPECIFICATIONS 


4. Unit Stresses. All parts of structures shall be proportioned 
so that the sum of the dead and live loads, together with the 
impact, if any, shall not cause the stresses to exceed the following 
amounts in pounds per square inch: 


Tension, net section, rolled steel 


Direct compression, rolled steel and steel castings 
Bending, on extreme fibers of rolled shapes, 
built sections, girders, and steel castings 
Bending on extreme fibers of pins 
Shear on shop rivets and pins 
Shear on bolts and field rivets 
Shear—average—on webs of plate girders and 
rolled beams, gross section 
Bearing pressure on shop rivets and pins 
Bearing on bolts and field rivets:. ae 
Pressure per linear inch on expansion roe hale not hoes fox 
600 times the diameter of rollers in inches. . 
Axial compression of gross sections of columns, for 
MeLEIOBOteL Map) 60, 120.2. iys 0. seated trenton Gekae 19000—100 l/r 
with a maximum of 
where /—effective length of member in inches, 
r—=corresponding radius of gyration of section in inches. 


For ratios of //r up to 120, and for greater ratios up to 200, use 
the amounts given in the following table. For intermediate ratios, 
use proportional amounts. 


Ratio , Amount Ratio Amount 


60 13000 130 6500 
70 12000 140 6000 
80 11000 150 5500 
90 10000 160 5000 
100 9000 170 4500 
110 8000 180 4000 
120 7000 190 3500 


5. For bracing and combined stresses due to wind and other 
loading, the permissible working stresses may be increased 25 per 
cent—provided the section thus found is not less than that required 
by the dead and live loads alone. 
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PROPORTION OF PARTS 


6. General. The effective or unsupported length of main 
compression. members shall not exceed 120 times, and for secondary 
members 200 times, the least radius of gyration. 


7. In proportioning columns, provision must be made for 
eccentric loading. 


8. In proportioning tension members, net section must be used. 
Rivet holes deducted must be taken \% inch larger than the nominal 
size of rivets. 


9. Members subject to the action of both axial and bending 
stresses shall be proportioned so that the greatest fiber stress will 
not exceed the allowed limits in that member. 


10. Members subject to alternate stresses of tension and 
compression shall be proportioned for the stress giving the largest 
section, but their connections shall be proportioned for the sum of 
the stresses. 


11. Girders. Rolled beams and channels, and built-up members 
used as beams and girders shall be proportioned by the moment 
of inertia of their gross sections. 


12. Plate girder webs shall have a thickness not less than Yeo 
of the unsupported distance between flange angles. The webs 
shall have stiffeners, generally in pairs, over bearings, at points of 
concentrated loading, and at other points where the thickness of 
the web is less than Y%o of the unsupported distance between 
flange angles, generally not farther apart than the depth of the web 
plate, with a maximum limit of 6 feet: 


13. The lateral unsupported length of beams and girders shall 
not exceed 40 times the width of the compression flange. When the 
unsupported length (/) exceeds 10 times the width (b) of the 
compression flange, the stress per square inch in the compression 
flange shall not exceed 19000—300 l/b. 


DETAILS OF STEEL CONSTRUCTION 


14. General. Adjustable members in any part of structures shall 
preferably be avoided. 


15. Sections shall preferably be made symmetrical. 


16. Noconnection, except lattice bars, shall have less than two rivets. 
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CONSTRUCTION SPECIFICATIONS 


17. Trusses shall preferably be riveted structures. Heavy 
trusses of long span, where the riveted field connections would 
become unwieldy, or for other good reasons, may be designed as 
pin-connected structures. 

18. Abutting joint in compression members faced. for bearing 
shall be spliced sufficiently to hold the connecting members accu- 
rately in place.’ All other joints in riveted work, whether in tension 
or compression, shall be fully spliced. 

19. Lateral, longitudinal and transverse bracing in all structures 
shall preferably be composed of rigid members, and shall be designed 
to be sufficient to withstand wind and other lateral forces when 
building is in process of erection as well as after completion. 


20. Girders. When two or more rolled beams are used to form a 
girder, they shall be connected by bolts and separators at intervals 
of not more than 5 feet. All beams having a depth of 12 inches and 
more shall have at least two bolts to each separator. 


21. The flange plates of all girders shall be limited in width, so 
as not to extend more than 6 inches beyond the outer line of rivets 
connecting them to the angles, or 8 times the thickness of the 
thinnest plate. 

22. Web stiffeners shall be in pairs, and shall have a close bearing 
against the flange angles. Those over the end bearing or forming 
the connection between girder and column shall be on fillers. 
Intermediate stiffeners may be on fillers or crimped over the flange 
angles. 

23. Web plates of girders must be spliced at all points by a 
plate on each side of the web, capable of transmitting the full stress 
through splice rivets. 

24. Riveting. The minimum distance between centers of rivet 
holes shall be three diameters of the rivet; but the distance shall 
preferably be not less than 3 inches for 7-inch rivets, 24 inches 
for 34-inch rivets, 2 inches for 54-inch rivets, and 134 inches for 
14-inch rivets. The maximum pitch in the line of the stress for 
members composed of plates and shapes will be 6 inches for 7-inch 
rivets, 6 inches for 34-inch rivets, 414 inches for 5-inch rivets and 
4 inches for %-inch rivets. 

25. For angles in built sections with two gage lines, with rivets 
staggered, the maximum pitch in each line shall be twice as great 
as given above. Where two or more plates are in contact, rivets 
not more than 12 inches apart in either direction shall be used to 
hold the plates together. 
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26. The minimum distance from the center of any rivet hole 
to a sheared edge shall be 114 inches for 7-inch rivets, 114 inches 
for 34-inch rivets, 114 inches for 5%-inch rivets, and 1 inch for 
¥-inch rivets; and to a rolled edge, 114, 1%, 1, and % inches, 
respectively. 


27. The maximum distance from any edge shall be eight times 
the thickness of the plate. 


28. The pitch of rivets at theends of built compression members 
shall not exceed four diameters of the rivets for a length equal to 
one and one-half times the maximum width of the member. 


29. Latticing. The open sides of compression members shall be 
provided with lattice bars, having tie plates at each end and at 
intermediate points where the lattice is interrupted. The tie 
plates shall be as near the ends as practicable. In main members 
carrying calculated stresses, the end tie plates shall have a length 
not less than the distance between the lines of rivets connecting 
them to the flanges, and intermediate ones not less than half 
this distance. Their thickness shall not be less than Y%o of the 
same distance. 


380. The latticing of compression members shall be proportioned 
to resist a shearing stress equal to 2 per cent of the direct stress. 
The minimum thickness of lattice bars shall be for single lattice, 
Y% , and for double lattice, %o of the distance between the end 
rivets. Their minimum width shall be as follows: 


For 15-inch channels, or 
built. sections with 314 and 4-inch angles, 2% inches (7-inch rivets). 
For 12-10-and 9-inch channels, or 


built sections with 3-inch angles....... 214 inches (34-inch rivets). 
For 8-and 7-inch channels, or 

built sections with 21-inch angles..... 2 inches (35-inch rivets). 
For 6-and 5-inch channels, or 


built sections with 2-inch angles....... 134 inches (%-inch rivets). 


31. The inclination of lattice bars with the axis of the member 
shall generally be not less than 45 degrees. When the distance 
between the rivet lines in the flanges is more than 15 inches, if a 
single rivet bar is used, the lattice shall be double. 


32. The pitch of lattice connections, along the flange, divided 
by the least radius of gyration of the member between connections, 
shall be less than the corresponding ratio of the member as a whole. 
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33. Pins. Pin holes shall be reinforced by plates where necessary. 
At least one plate shall be as wide as the projecting flanges will 
allow; where angles are used, this plate shall be on the same side as 
the angles. The plates shall contain sufficient rivets to distribute 
their portion of the pin pressure to the full cross section of the 
member. 


34 Pins shall be long enough to insure a full bearing of all parts 
connected upon the turned-down body of the pin. Members 
packed on pins shall be held against lateral movement. 


WORKMANSHIP 


35. General. The workmanship shall be equal to the best 
practice in modern structural works. Shearing shall be done 
accurately, and all portions of the work exposed to view shall be 
neatly finished. 


36. Punching. The diameter of the punch shall not be more | 
than %e6 inch, nor that of the die more than } inch, larger than | 
the diameter of the rivet. Punching shall be done accurately, but | 
an occasional slight inaccuracy in the matching of holes may be 
corrected with reamer. Drifting to enlarge unfair holes will not 
be allowed. 


37. Riveting. The size of rivets shall be as called for on the 
plans. Rivets shall be driven by pressure tools wherever possible. 
Pneumatic hammers shall be used in preference to hand driving. 
Rivets shall look neat and finished, with heads of approved shape, 
full and of equal size. They shall be centered on the shank and 
shall grip the assembled pieces firmly. 


38. Assembling. Riveted members shall have all parts well 
pinned up and firmly drawn together with bolts before riveting 
is commenced. Contact surfaces shall be painted. Abutting 
joints shall be cut or dressed true and straight and fitted closely 
together. In compression joints depending on contact bearing, the 
surfaces shall be truly faced, so as to have even bearing after they 
are riveted up complete and when perfectly aligned. The several 
pieces forming one built member shall be straight and shall fit 
closely together, and finished members shall be free from twists, 


bends or open joints. ' 
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39. Eye Bars. Eye bars shall be straight and true to size, and 
shall be free from twists, folds in the neck or head, or any other 
defect. Heads shall be made by upsetting, rolling or forging. 
Welding will not be allowed. Before boring, each eye bar shall be 
perfectly annealed and carefully straightened. Pin holes shall be 
in the center line of bars and in the center of heads. Bars of the 
same length shall be bored so accurately that, when placed 
together, pins 4% inch smaller in diameter than the pin holes can 
be passed through the holes at both ends of the bars at the same 
time. 


40. Pins. Pins and rollers shall be turned accurately to gages, 
and shall be straight, smooth and entirely free from flaws. Pin holes 
shall be bored true to gages, smooth and straight, at right angles 
to the axis of the member and parallel to each other, unless other- 
wise called for. Wherever possible, the boring shall be done after 
the member is riveted up. The distance from center to center of 
pin holes shall be correct within 4%2 inch, and the diameter of the 
hole not more than %po inch larger than that of the pin for pins 
up to 5 inches diameter, and 12 inch for larger pins. 


41. Bed Plates. Expansion bed plates shall be planed true and 
smooth. The cut of the planing tool shall correspond with the 
direction of expansion. 


42. Annealing. Steel, except in minor details, which has been 
partially heated, shall be properly annealed. Welds in steel will 
not be allowed. All steel castings shall be annealed. 


43. Painting. .Steel work, before leaving the shop, shall be 
thoroughly cleaned and given one good coating of such paint as 
may be called for, well worked into all joints and open spaces. 


44. In riveted work, the surfaces coming in contact shall be 
painted before being riveted together. 


45. Machine-finished bearing surfaces coming in contact with 
similar surfaces should be coated with white lead and tallow before 
shipment. 


46. Inspection. The manufacturer shall furnish all facilities for 
inspecting and testing the weight, quality of material and work- 
manship. He shall furnish a suitable testing machine for testing 
the specimens, as well as prepare the pieces for the machine free of 
charge. 


47. He shall give the inspector for the purchaser free access 
to all parts of the works where the material under inspection is 
manufactured. 


ELEMENTS OF SECTIONS 


ELEMENTS OF SECTIONS 


DEFINITIONS 


In the computations of structural designing, certain mathematical 
expressions are used to designate the values of structural shapes in 
the various conditions under which they are subjected to stress. 
In the pages which immediately follow, these values, usually called 
properties, are given in United States measurements for shapes 
common in structural designs, and are defined as follows:— 

A—Area of Section, expressed in square inches. 

Neutral Axis. Axis of moments through center of gravity of section. 

x and y. Distances from the back or working line of a section to 
the center of gravity of section. 

I—Moment of Inertia. The summation, expressed in inches to the 
fourth power, of the products of the elementary areas of a section 
by the squares of their distances from its center of gravity or 
other axis assumed for purposes of computation. 

S—Section Modulus. The moment of inertia divided by the distance 
(n) from the axis of moments to the extreme fiber. In an unsym- 
metrical section there are two section moduli for each axis of 
moments, the least of which determines the safe unit stress. 

r—Radius of Gyration. The distance in inches from the center of 
moments of a section to the point or line at which its area is consid- | 
ered concentrated. The radius of gyration of a section referred 
to any axis is always the square root of the moment of inertia 
of the section referred to that axis divided by the area. 


The section modulus is used to determine the stress in the extreme 
fiber of a shape subject to bending by dividing the bending moment 
by the section modulus, both expressed in like units of measurement. 
It is also used vice versa in the selection from a table of shapes of 
the proper section required to support a load by dividing the bend- 
ing stress by the allowable fiber stress, both in like units of weight. 


The radius of gyration is used to ascertain the safe load any 
section or shape will sustain when used in compression as a strut 
or column. ‘The unbraced length of the section divided by the 
radius of gyration is denominated the ratio of slenderness. 


The elements of steel sections are computed from the theoretical 
dimensions heretofore given by the formulas which follow and no 
approximations have entered into the calculations. No account 
has been taken of fillets or roundings, and in consequence weights 
figured from areas will not exactly agree with the nomina! weights 


published. 
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TRIANGLE 


Axis of moments through A 


center of gravity 
hea ee 


— 0.235702d 


TRIANGLE 
Axis of moments on base 


| a Se 


d 
V6 = 0.408248d 


TRAPEZOID 


Axis of moments through 
center of gravity 


d(b + bi) 
2 


d(bi + 2b) = d (b + 2b1) 
3(b + Bi) 7 oobi pie 


ad’ _(b? + 4 bbi + bi?) 
36 (b + bi) 

d2 (b?2_ + 4 bbi + bi2) 
12 (bi + 2 b) 


0. = 8b? 4 bbe bea 
eh ib * aie gee! 


TRAPEZOID 
Axis of moments on base 


d (b + bi) 
2 


d 
d3 (b + 3 bi) 
12 


d2 (b + 3 by) 
12 


dbo Ai Ss by 
\'6= Nebiesb ae 


REGULAR POLYGON 
Axis of moments through 
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a=2 \(R2R2) ° 


Number of Sides 
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24 48 
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48 


=] 2-2 = 


ELEMENTS OF SECTIONS 


CIRCLE A Zz = 0.785398 d2 
Axis of moments x d 
through center pe 
4 
Co a a = 0.049087 dé 
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1. a= 7 = 0.098175 ds 
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dt + 2a(m-+n) 


m—n 
4a 


2nb3+et8+ 


12 


CHANNEL 


dt + a (m+n) 


2nb8+ et8+ 


b2-bt) 
d(b+a)8—2a%c—6ab2c 
12 
lo-2 COS2a—I,-1sin2a 
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48 
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COMPOUND SECTIONS 


Moments or INpRTIA, SECTION Mopvti, AND Ranbir oF GYRATION 


The moment of inertia of a compound section about its neutral axis is equa] to the sum of 
the moment of inertia, I, of the component parts about axes through their own centers of gravity. 
plus the areas A, of the component.parts multiplied by the squares of the distances d, of their 
own centers of gravity from the neutral axis of the compound section, or 


Moment of Inertia [1 = I+Ad?2 


> 
1 


‘la nie 
bi 


Section Modulus  §1 = . 


Radius of Gyration rl = Var 


Examptz 1. Required the moments of inertia and the 
section moduli about axes 1-1 and 2-2 of a compound 
section to be used as a girder, composed of 

1 Web Plate 33//xl4”’ 
4 Flange Angles 6’x4’’x54’ 
2 Flange Plates 14/’x34’’ 
basing the properties on the gross area of the section. 

Determine the distances, of the center lines of gravity of 
plates and angles, from the neutral axes of the compound 
section, from the dimensions given, then for 
AXIS 1-1 Ty-1 of 4-6’’x4/’x54’”" Angles = 4x 7.5 = 30.00 Inches 4 


Ad2 of 4-6/’x4//x54/” “ =4x 5§.86x15.722 5792.46 


3 
Ta-a of 1337234” Plate =1x COORSB  _ jag733 


Tan of 21472" “=x SHOTS C= gg“! 
Ad2 of 2-14’/x34’” st = 2x 10.50 x17.1252 6158.58 “* 
Moment of Inertia, gross section 13479.40 Inches 4 


Section Modulus, * a) ek = 770.26 Inches % 


Io-2 of 4-6/'x4’"x54" Angles = 4x 21.1 84.40 Inches 4 
Ad? of 4-6''x4%x5¢" = = 4x 5.86x2.282 12185 


Ia-2 of 1-33’x14’" Plate =1x Ssh _ = os 


-75x148 “ 
Ineo of 2414/34" = 0.75) = 343.00 


Moment of Inertia, gross section 549.59 Inches 4 
Section Modulus, “  “*  =_°4259 78.51 Inches 8 
Tf it is desired to calculate the properties of the net section, viz., to deduct the area of the rivet 


holes, proceed as follows, assuming that 74” holes for 34” rivets are to be deducted and that not more 
than one rivet will be driven in any one leg of the angles in the same plane of the section. 


AXIS 1-1 I-41 of gross section = 13479.40 Inches 4 
Deduct 1.1 of 4-0.875'"x1.375’"Rectangles= 4 x 0875x1875" _ 7g 
Ad? of 4-0.875/’x1.375/" % = 4x 1.203x16.81252= 136016 “ 
Tia 0f2-0.875"x1.75" = ax LUSROBTSE gy 
Ad? of 2-0.875/x1.75  “ =  2x1.531x14.252 621.77 

Moment of Inertia, net section 11496.51 Inches 4 

Section Modulus, ‘“‘ i =i 656.94 Inches 3 

AXIS 2-2 Ie-2:o0fgross section . ; = $49.59 Inches + 
Deduct _To-2 of 4-0.875'"x1.375"’ Rectangles =4 x1375x0875° _ gg, w 
Be Ad? of 4-0.875/’x1.375/’ st =4 x 1.2038x3.752 67.67 = 


“ Ip-g0f 2-0.875"x1.75" “og x OBTRLID’ rg 


Moment of Inertia, net section 480.83 Inches 4 
Section Modulus, a — 08 = 68.69 Inches ® 
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ELEMENTS OF SECTIONS 


COMPOUND SECTIONS—Concluded 


5 Exampty 2. Required the moments of inertia and radii of 

a a ae 14 “0 ).68' : oe gyration about axes 1-1 and 2-2 of a column section composed 

-— as follows:— 

2 Channels 12’’x30 pounds per foot, 

2 Flange Plates 14’’x 84’’, 

|-__.] properties to be based on the gross section, no deduction 
being made for holes. 


SDI ons se 


Determine the distances, d, of center lines of gravity for 
the various sections from the neutral axes 1-1 and 2-2, in 
accordance with the dimensions given, then for 


Ee a 
' 


‘“A17*> 


AXIS 1-1 [11 of 2-12’’Channels30lbs.= 2x 161.2 = 822.40 Inches 4 
Tha of 2-14/’x34”’ Plates = 2x are = O:98ien 
Ad? of 2-14/’x34”” “ = 2x 10.5 x 6.38752 = 853.45 ie 
Moment of Inertia, gross section 1176.83 Inches + 


I 


Radius of Gyration, “* “ Vo = 5.52 Inches 


AXIS 2-2 Is-2 of 2-12’ Channels30lbs.= 2x 5.2 = 10.40 Inches 4 
Ad? of 2-12’’ Channels 30lbs.= 2x 8.79x4.172 = 805.70,“ 
Ino of 21494” Plates = 2x OBI gysqg 
Moment of Inertia, gross section 659.10 Inches + 
Radius of Gyration, “ a= Vee = 4.13 Inches 


oa ‘i Exampte 3. Required the radii of gyration about axes 1-1 
Sa" and 2-2 of a strut section composed as follows :— 

' “2 ss 4-6/’x4/’x 34’” Angles latticed by 546’’ bars, 

ie! 6S | properties to be based on the gross section of angles, no deduc- 


| Determine the distances, d, of center lines of gravity of angles 
asa || from neutral axes 1-1 and 2-2 in accordance with the dimensions 
al given, then for 


AXIS 1-1 Iii of 46”x4/’x3¢’’ Angles = 4x 4.9 = 19.60 Inches 4 
Ad2 of 4-6/x4"x2¢" § = 4’x 3.61 x 5.062 = 369.72“ 
Moment of Inertia, gross section 389.32 Inches 4 
“ “ 889.32 5.19 Inches 


Radius of Gyration, — 14.44 


AXIS 2-2 From tables of radii of gyration for 2 angles placed back to back 
page 175, axis 2-2, 5¢’’ apart, ro-2 of 4-6/’x4/’x 34" angles=2.97 Inches. 

Where sections are assembled without any web or flange plates, as, for example, latticed 
chanael columns or latticed angle struts, the radius of gyration, ri-1 can be readily obtained, 
without considering the moment of inertia, from the radius of gyration, r, of one section about 
its neutral axis, and the distance, d, between the center of gravity of the section and the 
neutral axis parallel to the axis of section. 


Ad I pee 
na K , where == r2, and ry-1 =) r2+d2 


Thus, in the above example, 
m1a= \ 1.172+5.062 = 5.19 Inches 
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ELEMENTS OF STRUCTURAL BEAMS 


Depth | Weight! Area | Width | Thick- Axis 1-1 Axis 2-2 


Section - RES of of | ness of - a es 
Talos Beam | Foot |Section| Flange) Web ae ree Ss I ies 


| 
In. | Lbs. | In? | In. | In, | Int | In | Ins | In4| In. | Ins 
| | seks BBE 


2958.3 10.60 | 219.1 | 75.3 | 1.69 | 16.7 


115.0 | 33.67 | 7.987 | 0.737 |2940.5, 9.35 | 245.0 | 82.8 | 20.7 

B18 | 24 |110.0| 32.18 | 7.925 | 0.675 |2869.1) 9.44 | 239.1 | 80.6 | 8 | 20.3 
105.9 | 30.98 | 7.875 | 0.625 |2811.5 9.53 | 234.3 739) 0 | 20.0 

100.0 | 29.25 | 7.247 | 0.747 |2371.8| 9.05 | 197.6 | 48.4/1.29 | 13.4 

95.0 | 27.79 | 7.186 | 0.686 2301.5) 9.08 | 191.8 | 47.0 0 13.0 

Bt 24 90.0 | 26.30 | 7.124 | 0.624 2230.1) 9.21 | 185.8 | 45.5 | 1.32 12.8 
85.0 | 24.84 | 7.063 | 0.563 2159.8) 9.33 | 180.0 | 44.2 1.33 12.5 

79.9 | 23.33 | 7.000 | 0.500 |2087.2) 9.46 | 173.9 | 42.9 |1.36 12.2 


B62 | 24 74.2 | 21.70 | 9.000 | 0.476 1950.1 9.48 | 162.5 | 61.2 
B 63 21 60.4 | 17.68 | 8.250 | 0.428 |1235.5) 8.36 | 117.7 | 43.5 | 
100.0 | 29.20 | 7.273 | 0.873 |1648.3| 7.51 | 164.8 | 52.4 


DP HHHO PPRRR DH Wwwww & 2 bo to to Bip Bnd 
» 
tS 
(=) 


1 

1 

1 

1 

nt 

1 

1 

1 

nl 

1.57 
1.34 

95.0 | 27.74 | 7.200 | 0.800 |1599.7, 7.59 | 160.0 | 50.5 | 1.35 7 
B 2 20 90.0 | 26.26 | 7.126 | 0.726 |1550.3) 7.68 | 155.0 | 48.7 | 1.36 | 13.7 
85.0 | 24.80 | 7.053 | 0.653 1501.7, 7.78 | 150.2 | 47.0 | 1.38 | 13.3 
81.4 | 23.74 | 7.000 | 0.600 1466.3) 7.86 | 146.6 | 45.8|1.39 13.1 
75.0 | 21.90 | 6.391 | 0.641 |1263.5| 7.60 | 126.3 | 30.1/1.17| 9.4 
B 3 20 70.0 | 20.42 | 6.317 | 0.567 1214.2) 7.71 | 121.4 | 28.9/1.19| 9.2 
65.4 | 19.08 | 6.250 | 0.500 /1169.5) 7.83 | 116.9 | 27.9/1.21| 8.9 
90.0 | 26.29 | 7.236 | 0.796 |1256.5, 6.91 | 139.6 | 51.9 | 1.40 | 14.3 
B19 18 85.0 | 24.81 | 7.154 | 0.714 |1216.6; 7.00 | 135.2 | 49.8 | 1.42 | 14.0 
80.0 | 23.34 | 7.072 | 0.632 |1176.8 7.10 | 130.8 | 47.9 | 1.43 | 13.6 
75.6 | 22.04 | 7.000 | 0.560 |1141.8) 7.20 | 126.9 | 46.3 | 1.45 | 13.2 
70.0 | 20.46 | 6.251 | 0.711 | 917.5) 6.70 | 101.9 | 24.5|1.09| 7.8 
B4 18 65.0 | 18.98 | 6.169 | 0.629 | 877.7; 6.80} 97.5 | 23.4/1.11|) 7.6 
60.0 | 17.50 | 6.087 | 0.547 | 837.8) 6.92| 93.1 | 22.3)1.13| 7.3 
54.7 | 15.94 | 6.000 | 0.460 | 795.5; 7.07| 88.4) 21.2/1.15|) 7.1 
B64 | 18 48.2 | 14.09 | 7.500 | 0.380 | 737.1; 7.23) 81.9/|30.0/1.46| 8.0 
75.0 | 21.85 | 6.278 | 0.868 | 687.2} 5.61] 91.6 |30.6/1.18| 9.8 
B6 15 70.0 | 20.38 | 6.180 | 0.770 | 659.6] 5.69| 87.9/28.8|1.19| 9.3 
| 65.0 | 18.91 | 6.082 | 0.672 | 632.1) 5.78| 84.3|27.2/1.20| 8.9 
60.8 | 17.68 | 6.000 | 0.590 | 609.0} 5.87| 81.2 | 26.0/1.21| 8.7 
55.0 | 16.06 | 5.738 | 0.648 | 508.7; 5.63|} 67.8)17.0|1.03|} 5.9 
27 15 50.0 | 14.59 | 5.640 | 0.550 | 481.1] 5.74| 64.2|16.0|1.05| 5.7 
45.0 | 13.12 | 5.542 | 0.452 | 453.6) 5.88| 60.5/15.0|}1.07| 5.4 
42.9 | 12.49 | 5.500 | 0.410 | 441.8) 5.95) 58.9/14.6/1.08) 5.3 
BOS 15 37.3 | 10.91 | 6.750 | 0.332 | 405.5! 6.10} 54.1/19.9/1.385! 5.9 
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ELEMENTS OF STRUCTURAL BEAMS—Concluded 


14.75 | 4.29 |3.284/0.494| 15.0 
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Bed, 3 


Depth |Weight| Area | Width | Thick- Axis 1-1 Axis 2-2 
Berio 7 0 P tee of of ness of 
Index. | beam oot | Section) Flange| Web I z g I a 8 
Tn Lbs. In.? In Tn In4 | In In.3 | In | In In.3 
i 

55.0 | 16.04 | 5.600 | 0.810 | 319.3 | 4.46 | 53.2)17.3 | 1.04|6.2 

B 8 12 | 50.0 14.57 | 5.477 | 0.687 | 301.6 | 4.55 | 50.3} 16.0 | 1.05| 5.8 
45.0 | 13.10 | 5.355 | 0.565 | 284.1 | 4.66 | 47.3 |14.8 | 1.06 | 5.5 

40.8 | 11.84 | 5.250 | 0.460 | 268.9 | 4.77 | 44.8/13.8 | 1.08/53 

B 9 jg |35.0 | 10.20 5.078 | 0.428 | 227.0 | 4.72 | 37.8/10.0 | 0.99|3.9 
31.8 9.26 | 5.000 | 0.350 | 215.8 | 4.83 | 36.0} 9.5 | 1.01/3.8 

B 66 i226 27.9 8.15 | 6.000 | 0.284 | 199.4 | 4.95 | 33.2|12.6 | #24 | 4.2 
40.0 | 11.69 | 5.091 | 0.741 | 158.0 | 3.68 | 31.6 4A |0.90 | 3.7 

B10 19 | 35.0 | 10.22 | 4.944 | 0.594 | 145.8 | 3.78 | 29.2 6 | 0.91 | 3.4 
30.0 8.75 | 4.797 | 0.447 |.133.5 | 3.91 | 26.7 6 | 0.93 3.2 

25.4 7.38 | 4.660 | 0.310 | 122.1 | 4.07 | 24.4 9 | 0.97 | 3.0 

B 67 LOR \22%4: 6.54 | 5.500 | 0.252 | 113.6 | 4.17 | 22.7 OMe el alters 
35.0 | 10.22 | 4.764 | 0.724 | 111.3 | 3.30 | 24.7 3 | 0.84] 3.0 

Bll g |30.0 8.76 | 4.601 | 0.561 | 101.4 | 3.40 | 22.5 4 | 0.85 | 2.8 
25.0 7.28 | 4.437 | 0.397 | 91.4] 3.54 | 20.3 6 | 0.88 | 2.5 

21.8 6.32 | 4.330 | 0.290| 84.9 | 3.67 | 18.9 .2 | 0.90 | 2.4 

25.5 7.43 | 4.262 |0.532| 68.1 |3.03 | 17.0 VOL SO) 

B12 g | 23.0 6.71 | 4.171 | 0.441 | 64.2 | 3.09 | 16.0 A 10.81 / 2.1 
20.5 5.97 | 4.079 | 0.349 | 60.2 /3.18] 15.1 O | 0.82 | 2.0 

18.4 5.34 | 4.000 |0.270| 56.9 | 3.26 | 14.2 8 |0.84/1.9 

B68 | 8 17.5 5.13 | 5.000} 0.220] 58.4 | 3.38 | 14.6 2 |1.10/2.5 
20.0 5.83 | 3.860 | 0.450} 41.9 | 2.6 : ll | 0.74) 1.6 

B 13 Game LS 5.09 | 3.755 | 0.345 | 38.9] 2.77 | 11.1 9 | 0.76) 1.6 
15.3 4.43 | 3.660 | 0.250! 36.2 | 2.86 | 10.4 0.78 | 1.5 

2.2 i133) 

2.3 ge? 

2.4 1.1 

il 1.0 

ite 0.9 

2. 0.8 

ie 0.7 

le 0.6 

iN 0.6 

Ne 0.5 

if 0.4 

a 0.4 
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ELEMENTS OF H BEAMS 


Weight 
per ness 
Foot Flange | of Web Ora ell Bee 


Lbs. : In. | In. In. Ins | Int | In. 


34.3 8.05 3.40 | 28.9 | 35.1 | 1.87 
24.1 6.05 2.54 15.0 14.7 | 1.45 
18.9 5.0 |. 2.08 9.5 | 7.9} 1.20 
13.8 40). 10.7} 1.63 | 5.3 | 3.6 | 0.95 


ELEMENTS OF U. S. STEEL SHEET PILING SECTIONS 


I 
(ees 
; ; 


Section 


In.? 


12.51 
11.30 
4.71 
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ELEMENTS OF SECTIONS 


ELEMENTS OF STRUCTURAL CHANNELS 
American Standard Sections 


Depth | Weight| Area | Width | Thick- Axis 1-1 Axis 2-2 
of per of of ness of 

lee Channel| Foot |Section| Flange} Web I zi g T 5 8 S 

In. Lbs. | In.2 in. In. In | In. | In.8| In | In. | In8} In 
55.0 |16.11|3.814 | 0.814 |429.0 |5.16 |57.2 112.1 (0.87 4.1 0.82 
50.0 | 14.64 | 3.716 | 0.716 |401.4 |5.24 |53.6 |11.2 (0.87 /3.8 |0.80 
oe a 15 45.0 | 13.17 | 3.618 | 0.618 |373.9 |5.33 |49.8 |10.3 (0.88 /3.6 |0.79 
40.0 | 11.70 | 3.520 | 0.520 |346.3 |5.44 |46.2/ 9.3 10.89 /3.4 |0.78 
35.0 | 10.23 | 3.422 | 0.422 |318.7 |5.58 |42.5] 8.4 (0.91 /3.2 |0.79 
33.9 9.90 | 3.400 | 0.400 |312.6 [5.62 |41.7| 8.2 |0.91/3 2 |0.79 
40.0 | 11.73 | 3.415 | 0.755 |196.5 |4.09 132.8| 6.6 |0.75|2.5 |0.72 
35.0 | 10.26 | 3.292 | 0.632 |178.8 |4.18 |29.8| 5.9 |0.76|2.3 |0.69 
Or 92 12 30.0 8.79 | 3.1704 0.510 |161.2 |4.28 |26.9| 5.2 (0.77 |2.1 |0.68 
25.0 7.32 | 3.047 | 0.387 |143.5 |4.43 |23.9| 4.5 |0.79/1.9 |0.68 
20.7 6.03 | 2.940 | 0.280 |128.1 |4.61 |21.4| 3.9 (0.81 4b.7 0.70 
35.0 | 10.27 | 3.180 | 0.820 |115.2 3.34 |23.0| 4.6 |0.67/1.9 |0.69 
30.0 8.80 | 3.033 | 0.673 |103.0 |3.42 |20.6| 4.0 (0.67 |1.7 |0.65 
Cras. 10 25.0 7.33 | 2.886 | 0.526 | 90.7 3 52 |18.1| 3.4 (0.68 /1.5 |0.62 
20.0 5.86 | 2.739 | 0.379 | 78.5 [3.66 |15.7| 2.8 (0.70 /1.3 |0.61 
15.3 4.47 | 2.600 | 0.240 | 66.9 3.87 |13.4| 2.3 (0.72|1.2 |0.64 
25.0 7.33 | 2.812 | 0.612 | 70.5 |3.10 |15.7 | 3.0 |0.64/1.4 (0.61 
ro 9 20.0 5.86 | 2.648 | 0.448 | 60.6 |3.22 |13.5| 2.4 (0.65 |1.2 |0.59 
15.0 4.39 | 2.485 |0.285] 50.7 3.40 |11.3| 1.9 (0.67 |1.0 |0.59 
13.4 3.89 | 2.430 | 0.230] 47.3 3.49 |10.5| 1.8 (0.67 [0.97 |0.61 
21.25| 6.23 |2.619 | 0.579 | 47.6 |2.77 |11.9| 2.2 (0.60/1.1 |0.59 
| 18.75 | 5.49 | 2.527 | 0.487 | 43.7 |2.82 |10.9/| 2.0 (0.60/1.0 |0.57 
Gied 8 16.25| 4.76 | 2.435 | 0.395 | 39.8 |2.89| 9.9} 1.8 [0.61 |0.94 |0.56 
13.75 | 4.02 | 2.343 | 0.303 | 35.8 |2.99| 9.0} 1.5 (0.62 0.86 |0.56 
11.5 3.36 | 2.260 | 0.220| 32.3 3.10] 8.1] 1.3 [0.63 [0.79 |0.58 
19.75| 5.79 | 2.509 | 0.629 | 33.1 2.39] 9.4/ 1.8 |0.56 (0.96 [0.58 
17.25| 5.05 | 2.404 |0.524| 30.12.44] 8.6| 1.6 (0.56 0.86 |0.55 
C6 tb 14.75| 4.32)2.29910.419| 27.1 12.51) 7.7] 1.4 |0.57 (0.79 10.53 
12.25| 3.58) 2.194/0.314| 24.1 |2.59} 6.9| 1.2 (0.58 0.71 |0.53 
9.8 2.85 | 2.090 | 0.210) 21.1 2.72] 6.0) 0.98 |0.59 (0.63 (0.55 
15.5 4,54 | 2.279 | 0.559 | 19.5 2.07] 6.5] 1.3 (0.53 (0.73 |0.55 
CG. 7 6 1320 3.81 | 2.157 |-0.437 | 17.3 12.13) 5.8) 1.1 |0.53 10.65 10.52 
10.5 3.07 | 2.034 | 0.314] 15.1 |2.22| 5.0] 0.87 |0.53 |0.57 |0.50 
8.2 2.39 | 1.920/0.200} 13.0 |2.384| 4.3] 0.70 (0.54 [0.50 |0.52 
11.5 3.36 | 2.032.| 0.472 | 10.4 |1.76| 4.1} 0.82 0.49 (0.54 0.51 
Os 5 9.0 2.63 | 1.885 | 0.325 8.8 1.83 | 3.5| 0.64 |0.49 (0.45 |0.48 
6.7 1.95 | 1.750 | 0.190 7.4\1.95 | 3.0| 0.48 [0.50 (0.38 |0.49 
7.25 | 2.12 | 1.720) 0.320 4.5 |1.47| 2.3) 0.44 |0.46 (0.35 |0.46 
Cc 9 4 6.25| 1.82 | 1.647 | 0.247 4.1|1.50| 2.1} 0.38 (0.45 (0.32 |0.46 
5.4 1.56 | 1.580 | 0.180 3.8 |1.56 | 1.9] 0.32 |0.45 [0.29 |0.46 
6.0 1.75 | 1.596 | 0.356 2.1 /1.08/ 1.4] 0.31 |0.42 |0.27 |0.46 
C10 3 5.0 1.46 | 1.498 | 0.258 1.8 |1.12 | 1.2) 0.25 0.41 |0.24 |0.44 
4.1 1.19|1.410}0.170| 1.6 }1.17) 1.1) 0.20 |0.41 |0.21 0.44 


CARNEGIE STEEL COMPANY 


ELEMENTS OF SHIP BUILDING CHANNELS 
American Standard Sections 


Depth| 
Section Chon: 
Index nel 


fn. 


lon! 
5 | <4 


+o 60 | 18 


Uso BROS 
POOR 


C 21 
(BSC 26) 


beh he ee 


C 171 
(BSC 25) 


C 26 
(BSC 21) 


BNW DOOM WROD MOND 


cll ell eel cel 


_ 


C 27 
(BSC 20) 


WOUPHD WoND RYH Mhw Smet 
WOOO Here OMHD O500 Ommm 
DIAN TaHO OSOO Qoep SVB 


PWNnGSF Cand Cahn 


C 28 
(BSC 19) 


C 31 
(BSC 18) 


eNO HANS NO aeo 


| ell ell geal ool 


C 32 
(BSC 17) 


C 36 
(BSC 13) 


iB Nab Chit 
SSOOD TANK PEBD SSSS GARR DBYNWEKHK CSOHH SSH Dane SSO 


© 37 
(BSC 12) 


DOWOLON WGI GIHEIET BIBL Weve? ODKIWODED COWS PRAD RERR BADD 


SOOO +500 Paw Taw Onn 
bet et fed et et ek et et et cee DODD UU NNNNDUreNN UNNI NNN WwW RWWww eee lorzortor na | 


WHR MNAAPW WOON NWO OSH BNWUAA TANS Omwn Pac 

SNA Wed NanteH NaOH TAN NMRON HODW WHWowW WehD OYHH 
BaANwOo OLNO NSOBN PEW CHO DHQATAR BDNNO ChwBw RKNwD® OL 
NNNNN NWWHW WWWHW PARR NNW WWWWW RAR CWO RRoO Poorer 
bmw Cob HARD NWO HOO NHWRORD NWO NAwWO NRW OHWo 


CNINS WSnWwT WHAM NWO Hao 


AMADA QAantwm Ou 
WAWWW WWwWW Cm 
PRAM DUDS nwo 


BADD 


SCO Se ae COP Ree S20) SS e00 (eee Soler Saki OSSS 


SSSSS Pete Sete Piet pe eee et ee OSGOOD btm ete 
- Loony SeS9 O58090 KYKYWY FSD SO50O HHH BOSKOO LL HOO 


Dermnnn O500 Codd HeHH Ooo 
DAGON ARVO MSH Swan wow 


Dimensions and properties of the British Standard Sections are indicated in bold type. 
TC 60 is not an American Standard Section; profile is shown on page 66 with Structural Channels. 
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ELEMENTS OF SECTIONS 


ELEMENTS OF SHIP BUILDING CHANNELS 
American Standard Sections 


| Width ite Axis 1-1 Axis 2-2 
Section Chansloe | Secs a eaeslee 
Index nel | Foot tion Flange Web I r iS) I | y 
In. | Lbs. | In.2,] In. TEA eae Osea ee ence ee yen) ae 
25.0 7.30 |8.700)0.600 ¥ 14.3 | 8.3 | 1.07) 3.2 | 1-06 
C 41 7 22.7 | 6.60 |3.600/0.500] 47.1 | 2.67 | 13.5 | 7.5 |1.07 | 3.0 | 1.07 
(BSC 10) 20.3} 5.90 |3.500/0.400| 44.2 | 2.74] 12.6) 6.7 | 1.07} 2.8 | 1.09 
19.1 | 5.55 |3.45010.350} 42.8 | 2.78 | 12.2 | 6.3 | 1.07 | 2.7 | 1.11 
20.0 | 5.82 |3.100]0.475] 40.2 | 2.63} 11.5 | 4.7 |0:90] 2.1 |0.88 
C 42 7 |17.6| 5.12|3.0000.375| 37.3 | 2.70| 10.7/| 4.2 | 0.90| 2.0 | 0.90 
(BSC 9) 16.4 | 4.77 |2.9500.325) 35.9 | 2.74| 10.2 | 3.9 |0.90| 1.9 | 0.91 
22.0 | 6.42 |3.70010.575| 33.0 | 2.27 | 11.0 | 7.6 | 1.09 | 2.9 | 1.12 
C 46 6 20.0 | 5.82 |3.6000.475) 31.2 | 2.32 | 10.4] 6.9 |1.09 | 2.8 | 1.13 
(BSC 8) 18.0 | 5.22 |3.500)0.375| 29.4/| 2.38) 9.8] 6.1 | 1.08| 2.6 | 1.15 
16.9 | 4.92 |3.45010.325] 28.5 | 2.41) 9.5) 5.7 | 1.08 25 ble li 
C 109 6 15.3 | 4.48 |3.50010.340) 25.3 | 2.88) 8.4] 5.1 |1.08] 2.1 | 1.08 
G47 6 16.3 | 4.75 |3.000/0.375) 25.8 | 2.33! 8.6) 4.0 | 0.91] 1.9 | 0.95 
(BSC 7) 15.1 | 4.37 |2.938/0.313)] 24.7 | 2.38] 8.2] 3.6 |0.91/ 1.8 |0.97 
C 48 6 13.3 | 3.90 |2.563/0.375) 19.7 | 2.25} 6.6 | 2.1 |0.74] 1.2 |0.71 
(BSC 5) 12.0} 3.52 |2.500/0.313/ 18.6| 2.30) 6.2] 2.0 | 0.75] 1.1 | 0.72 


Dimensions and properties of the British Standard Sections are indicated in bold type. 


ELEMENTS OF CAR BUILDING CHANNELS 


14.66/4.4120. 312.9) 4.62 pl aloe 
13.18)4.298/0 .673/292.0) 4.71 | 44.9 | 15.3 
11.71/4.185)0.560/271.4| 4.82 | 41.7 | 13.9 
10.82)4.117/0.492/258.9| 4.89 | 39.8 | 13.0 
10.24/4.072)0.447|250.7) 4.95 | 38.6 | 12.5 
9.30/4.000)0 .375|237 .5) 5.05 | 36.5 | 11.6 


14.644.135)0.835)268.1| 4.28 | 44.7 | 17.8 
14.22}4.10010.800|263.0} 4.30 | 43.8 | 17.3 
13 .62/4.050)0.750)255.8) 4.33 | 42.6 | 16.6 
13 .02:4.000'10.700|248.6] 4.37 | 41.4 | 16.0 
40.0 |11.70)3.890)0 .590/232.8] 4.46 | 38.8 | 14.5 
35.0 |10.23/3 .767\0.467/215.1) 4.59 | 35.8 | 12.9 
4.99)3 .5000. 26.1| 2.29 5.9 
4,00)2.500 8.8 2.2 
2.96)2.087 6.6 ied. 


2 .06)1 .984 2.8 0.75 


OP RIP AR 


Pao woowpen 
HN Himes CONWae 


PEOERS RPANSUS 
WARS WOODOO 


SO0SD SCDDODO 
HAAR =SO1~100 


C170 |12 


RR ee ee ee et ee 
See ee EH HOOO 
NNFRFOO FOOCMON 


NY pocneenn 


C 106 
C 200 
C 220 
C 190 
+Profiles of C 20 and C 170 are shown on pages 66 and 67 with Structural Channels. 


1.49 
1.47 
1B We 


157 


CARNEGIE STEEL COMPANY 


ELEMENTS OF SHIP BUILDING BULB ANGLES 
American Standard Sections 


; Wt. 
Section Size Boo 
Index pe 


Inches . | Lbs. 


0.725) 35.2 10.35|122.0) 3.43 | 22.3 4.53 
10 x3 
aie ‘ 33.2| 9.77|115.9| 3.44 | 21.2 | 4.52 


: 31.1 .14110.4 3.48 | 20.3 | 4.56 
10 x3} 
BA, 126 Z 29.1 .55 104.3) 3.49 | 19.2 | 4.56 


BA. 197/19 x 3140-525, 26.9| 7.90) 98.2|3.53 | 18.3 4.62 
(BSBA 18) “9 475] 24.9 | 7.32| 92.1|3.55 | 17.2 | 4.63 


914 x30" 28.8 ; 93.0) 3.32 | 17.9 | 4.30 


3 
si ta 26.9| 7.91| 87.8 3.33 | 16.9 | 4.29 


- | | 
BA 206 914 x 314) > 24.7| 7. 82.43.37 | 16.0 | 4.36 


(BSBA 17) 22.8 | 6. 77.1) 3.39 | 15.1 | 4.36 


30.4] 8. 86.3) 3.11 | 17.2 | 4.00 


BAS SOF 28.6 | 8.41] 81.8'3.12 | 16.4 | 3.98 


26.6 | 7. 77.6, 3.15 | 15.6 | 4.03 
24.8] 7. 73.1) 3.17 | 14.8 | 4.03 


BA 203 0. 2257s 68.4) 3.20 | 13.9 | 4.10 
(BSBA 16) : 20.9 | 6. 63.8| 3.22 | 13.1 | 4.10 


'0.575| 25.3| 7.43] 65.5| 2.97 |13.8|3.74 
2 
ee 208 23.5 | 6.92) 61.7/ 2.98 | 13.03.73 


BA 209\., 40: PUNTA 57.7| 3.02 | 12.3 | 3.80 
(BSBA 14) 5 19.8] 5. 53.8] 3.04 | 11.5 | 3.80 


BA 202 


i 


tte 


3 23.4| 6. 60.1) 2.96 | 13.1 | 3.89 
BA 2118}4x 3 
4 Zeller 56.4| 2.97 | 12.3 | 3.89 


BA 212217. 3 0. 19.8) 5. 52.7|3.00 | 11.6 | 3.96 
(BSBA 13) : USA or 48.9) 3.03 | 10.8 | 3.96 


yo ha No hw NC 


Be ee 


ore 
) 


Dimensions and properties of the British Standard Sections are indicated in bold type. 


ELEMENTS OF SECTIONS 


ELEMENTS OF SHIP BUILDING BULB ANGLES 
American Standard Sections 


Section 
Index 


Wt. 


per 
Foot 


I 


Lbs. 


| x 
In. 


In.4 


BA 214 


BA 215 
(BSBA 12) 


BA 217 


BA 218) 
(BSBA 11)| 8 X 3 


BA 220714x3% 


BA 221 


0 
(BSBA 10)|724 X3%4\q_ 


BA 2237144x 3 


BA 224 
(BSBA 9)2* 3 


BA 226) 7 x3% 


BA 227 7x3 


(BSBA 8) 


BA 229'7 x 3 


BA 230 
(BSBA 7)| ’ * 3 


23.2 
21.6 


19.6 
18.0 


23.1 
21.4 


19.6 
18.0 


22.8 
21.2 


19.4 
17.8 


20.3 
18.8 


17.1 
15.6 


20.0 
18.6 


16.8 
15.3 


18.4 
16.9 


15.3 
13.9 


53.7 | 2.81 
50.4 | 2.82 


47.1 | 2.85 
43.8 | 2.88 


52.4 | 2.78 
49.2 | 2.79 


46.1 | 2.82 
42.9 | 2.84 


46.2 | 2.63 
43.4 | 2.64 


40.6 | 2.67 
37.8 | 2.69 


41.0 | 2.62 
38.4 | 2.63 


35.7 |2.67 
33.1 | 2.69 


35.5 | 2.45 
33.2 | 2.47 


30.9 | 2.50 
28.6 | 2.52 


32.5 | 2.45 
30.3 | 2.46 


28.1 |2.50 
25.9 | 2.52 


9.6 
9.0 


9.9 
9.3 


8.8 
8.2 


8.8 
8.2 
fed 
7.2 


8.3 
7.8 


7.3 
6.7 


3.49 
3.48 


3.54 
3.54 
3.64 
3.63 


3.70 
3.70 


3.24 
3.23 


3.29 
3.29 


3.36 
3.35 


3.42 
3.42 


2.95 
2.94 


3.00 
2.99 


3.09 
3.08 


3.14 
3.14 


4.8 
4.4 


4.0 
3.7 


3.2 
2.9 
254) 
2.4 


4.9 
4.5 


4.2 
3.8 


2.9 
2.6 


2.4 
2.2 


4.5 
4.1 


3.7 
3.4 


2.7 
2.5 


2.3 
2.0 


0.84 
0.83 


0.84 
0.83 


0.69 
0.68 


0.69 
0.68 


0.86 
0.85 


0.85 
0.85 


0.69 
0.69 


0.69 
0.69 


0.87 
0.88 


0.87 
0.87 


0.71 
0.70 


0.71 
0.70 


r 
aa 


t . eT — a a 
NOW beh AM SOHN 2G& 


BR ee 


—_ 


= Oe 
be Wea ON 


ones 


om 


is 


Dimensions and properties of the British Standard Sections are indicated in bold type. 
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CARNEGIE STEEL COMPANY 


ELEMENTS OF SHIP BUILDING BULB ANGLES 


American Standard Sections 


Section Size per 
Index i I = Vig 


Inches Le || Lub. In | Tn. 2 In. | In 


BA 233 .400| 15.0 | 4.42 | 23.9|2.33| 6.3 |2.72| 3.5 |0.89 
y 3% 
(BSBA 6) |612 X3%20. 13.6 | 4.01 | 22.1] 2.35] 5.9 |2.71 | 3.1 |0.89 


15.0 | 4.40 | 23.5 | 2.31] 6.4 |2.87]| 2.3 |0.73 
BA 236/614 x g |0.375) 13.6 | 4.00 | 21.7 |2.33 | 6.0 |2.87| 2.1 0.72 
(BSBA 5) 350) 12.9 20.8 | 2.34| 5.7 |2.86| 2.0 | 0.72 


F 0.475| 16.4| 4.82 | 21.4]2.11| 6.0 |2.44| 4.0 |0.91 
Lloyd | 6 X3%\9 495) 14.8 19.9|2.14| 5.6 |2.49 | 3.6 |0.92 


: ; 13.4 |3.95 | 18.4|2.16| 5.2 |2.49| 3.3 |0.91 
Loyd | 6 X3%9 350] 12.8 | 3.76 | 17.6|2.17| 5.0 |2.48| 3.1 |0.91 


525) 16.8 | 4.95 | 21.7|2.09| 6.3 |2.56| 2.8 |0.75 
A 241) 
5 id ibe 15.6 | 4.58 | 20.2|2.10| 5.9 |2.55 | 2.5 |0.74 


.425| 14.1| 4.14 | 18.8/2.13| 5.5 |2.60| 2.3 |0.75 | 0.96 
Fea) 6 x 3 0.375) 12.8 17.4|2.15| 5.1 |2.60| 2.1 |0.74|0.87 
12.2 |3.58 | 16.6|2.16| 4.9 |2.59 | 1.9 |0.74| 0.83 


15.1} 4. 16.5/1.92] 5.1 | 2.31 | 2.6 |0.76)1.1 
13.9 | 4. 15.3 |1.93| 4.8 | 2.30 | 2.4 |0.76|1.0 


12.5 |3.68 | 14.2|1.96 | 4.5 |2.35| 2.1 |0.76|0.90 
ee pag) ax 3 |0.350, 11.3 |3.33 | 13.0/1.98| 4.1 |2.35| 1.9 |0.76/0.81 
10.7 |3.16 | 12.5|1.99| 4.0 |2.34| 1.8 |0.75|0.77 


10.4 | 3. 9.7|1.78| 3.4 |2.20| 1.2 |0.62|0.58 
V SBAD) 5 x20. 9.3 |2. 8.8|1.79| 3.1 |2.19| 1.0 |0.61|0.52 
8.8 | 2. 8.4|1.80| 3.0 |2.19 | 0.95) 0.61 | 0.49 


0 
BA 244/54%4x 3 


*Lloyd section, rolled by Pencoyd Iron Works (Pencoyd 60A). 
Dimensions and properties of the British Standard Sections are indicated in bold type. 
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ELEMENTS OF SECTIONS 


ELEMENTS OF SHIP BUILDING BULB ANGLES 


Miscellaneous Sections 


Sizes 


Section 
Index 


Inches 


BA 143] 5 x2%4/0.240 
BA 144|444 x 24|0.220 
BA 145] 3 x 2 |0.190 
BA 146] 3 x1340.160 
BA 147/24 x1%/0.150 


ELEMENTS OF CAR BUILDING BULB ANGLES 


Thick- 
. ness 

Section Bizes of 

Index Web 


Inches |} In. 


5 x440.438 
5 x3'40.375 
4 x3%0.500 
4 x3'4)0.375 


CARNEGIE STEEL COMPANY 


NGLES 


< 
4 
=< 
=) 
So 
a 
fe 
1e) 
io) 
aH 
Z 
& 
= 


ELE 


bo BB 


NOD HH 1d Ob OD 
HSH SH ct tH HH Ht tH 


ANANAANAANAAN 


CwQOMOMMONHO 


LIMO MOWO HN Or 19 
MOO MMANAA RH re re 


Orr Oo191n Hoo 


MHMHONAHOON 
DAOONM MOH 


1D 1D 19 SH HOD OD OIL 


DOtHOMm H 
ANNAN 


OCOMMOMnHOWDOHN 
MANANAAAN RAS 


O2iQ ra 0) OC OD CON CO 


| SSOUHPTG, 


ELEMENTS OF SECTION 


ELEMENTS OF EQUAL ANGLES—Concluded 


1 


& | 
2—b.- ——-—--2 
x 
iL ~~ 
(eo € | Weight | Area Axis 1-1 and Axis 2-2 Axis 3-3 
Size 3 bo r of 
A ‘oot ection I 4 Sg 2 woah 
| Inches In. Pounds}! In.2 In.4 In. In.3 In In. 
| 1%, |17.1 | 5.03 | 5.3 1.02 | 2.3 1.17 | 0.67 
% |16.0 | 4.69 | 5.0 1.03 | 2.1 1.15 | 0.67 
| 1%_ | 14.8 | 434 | 4.7 1.04 | 2.0 TD. | CG 
% |13.6 | 3.98 | 43 1.04 | 1.8 1.10 | 0.68 
lay x ay Ye | 12-4 | 362 | 40. | 1.05 | 16 1.08 | 0.68 
3% Pe Ys altel a 3.25) 36 1.06 | 1.5 1.06 | 0.68 
| | Be | 9.8 | 2.87 | 3.3 1.07 | 1.3 | 1.04 | 0.68 
| 3% 8.5 | 2.48 | 29° | 1.07 | 1.2 1.01 | 0.69 
| %eo 72 | 2.09 | 2:5 1.08 | 0.98 | 0.99 | 0.69 
| % 5.8 | 1.69 | 2.0 1.09 | 0.79 | 0.97| 0.69 
| %& |11.5 | 3.36 | 26 0.88 | 13 | 0.98 | 0.57 
| %6 | 10.4 | 3.06 | 2.4 0.89 | 1.2 | 0.95 | 0.58 
Ys 9.4 | 2.75 | 2.2 OOM tL 0.93 | 0.58 
3x 3| te 8.3 | 2.43 | 2.0 0.91 | 0.95 | 0.91 | 0.58 
| 36 hos |) Pat |) 0.91 | 0.83 | 0.89 | 0.58 
Ao Gl el 7Sen eb 0.92 | 0.71 | 0.87 | 0.59 
[aA 4.9 | 1.44 | 12 0.93 | 0.58 | 0.84 | 0.59 
| y, Ve || eS | She 0.74 | 0.73 | 0.81 | 0.47 
| | Ae 6.8 *| 2.00 | 1.1 0.75 | 0.65 | 0.78 | 0.48 
| | 3% 5.9 | 1.73 | 0.98 | 0.75 | 0.57 | 0.76 | 0.48 
1216 x 2yo| Ae FON || eee 1) OES | Oye 0.48 | 0.74 | 0.49 
| Y, 4.1 | 1.19 | 0.70 | 0.77 | 0.39 | 0.72 | 0.49 
He 3.07 | 0.90 | 0.55 | 0.78 | 0.30 | 0.69 | 0.49 
| | % 2.08 | 0.61 | 0.38 | 0.79 | 0.20 | 0.67 | 0.50 
| | Te 5.3 | 1.56 | 0.54 | 0.59 | 0.40 | 0.66 | 0.39 
| 3% 4.7 | 1.36 | 0.48 | 0.59 | 0.35 | 0.64 | 0.39 
a) pte Whe 3.92 | 1.15 | 0.42 | 0.60 | 0.30 | 0.61 | 0.39 
: | yA 3.19 | 0.94 | 0.35 | 0.61 | 0.25 | 0.59 | 0.39 
%e 2.44 | 0.71 | 0.28 | 0.62 | 0.19 | 0.57 | 0.40 
Ie 1.65 | 0.48 | 0.19 | 0.63 | 0.13 | 0.55 | 0.40 
Ae 46 | 1.34 | 0.35 | 0.51 | 0.30 | 0.59 | 0.33 
| 3% 3.99 i117 MOBIL) 0.514) 0.26 .1/0.570 |) O84 
1, x1% %e | 3:39] 1.00 | 0.27 | 0.52 | 0.23 | 0.55 | 0.34 
pax A 7AM OLSU OSE O53 011 0619)10153) 0184 
346 2.12 | 0.62 | 0.18 | 0.54 | 0.14 | 0.51 | 0.35 
% 1.44] 0.42 | 0.13 | 0.55 | 0.10 | 0.48 | 0.35 
36 3.35 | 0.98 | 0.19 | 0.44 | 0.19 | 0.51-| 0.29 
he 2.86 | 0.84 | 0.16 | 0.44 | 0.16 | 0.49 | 0.29 
%x1%y % 2:34 | 0.69 | 0.14 | 0.45 | 0.13 | 0.47 | 0.29 
546 1.80 | 0.53 | 0.11 | 0.46 | 0.10 | 0.44 | 0.29 
Ye 1.23 | 0.36 | 0.08 | 0.46 | 0.07 | 0.42 | 0.30 
e 2.33 | 0.68 | 0.09 | 0.36 | 0.11 | 0.42 | 0.24 
mxiy % 1.92 | 0.56 | 0.08 | 0.37 | 0.09 | 0.40 | 0.24 
4 4) B46 1.48 | 0.43 | 0.06 | 0.38 | 0.07 | 0.38 | 0.24 
Ye 1.01 | 0.30 | 0.04 | 0.38 | 0.05 | 0.35 | 0.25 
4 1.49 | 0.44 | 0.04 | 0.29 | 0.06 | 0.34 | 0.19 
i xed leetie 1.16 | 0.34 | 0.03 | 0.30 | 0.04 | 0.32 | 0.19 
Vy 0.80 | 0.23 | 0.02 | 0.31 | 0.03 | 0.30 | 0.19 
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ELEMENTS OF SECTIONS 
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ELEMENTS OF SECTIONS 


ELEMENTS OF CROSS TIES 


Section 
Index 


.250 | 30.9 
-250 | 13.0 
-203 |_ 4.3 


Width of 
Section 


Top | Bottom 
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In. | In. 


5.5 | 7.0 
4.5 | 6.0 
3.4 | 5.0 


In | In. | In} In. | In4] In. | In® 


1.28 | 0.70 | 0.79 | 1.62 | 16.8 | 2.53} 4.8 
0.71 | 0.64|0.51)1.41] 8.4}2.22] 2.8 
0.31 | 0.50 |0.31|1.00} 3.6) 1.73 | 1.5 
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M 19 
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0.059} 0.25 |0.110| 0.54 | 2.44 | 1.58} 0.99 
0.024) 0.18 |0.057| 0.43 | 1.15] 1.25] 0.58 
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ELEMENTS OF RAIL AND SPLICE BARS 


r--------fu-------» 


Se ee 


Weight} Depth ; Weight) Depth| Area | Axis 1-1 
per of iS] : per | of Yr 
Yard |Section Section ) aoe Foot |Section'Section’ *I |*S | x 


| = 
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ELEMENTS OF SECTIONS 


RADII OF GYRATION FOR TWO EQUAL. ANGLES 


” i 
c-%4 to% 


Single Angle | a | taaii of Gyration, Inches 
ie Thick- | Weight, | | Axis 2-2 
I ae ness, | Pounds || 0°), || Axis 1-1/7] ), 
ASS) Inches | per Foot) Tnches? H Contact yy" Apart 6 ” hpart 14” Apart |34,” Apart 
—_ | = 2c it - —= 
1% | 56.9 | 33.46] 2.42 | 3.42 | 3.51 | 3.55 | 3.60 | 3.69 
8x8 | 1%6 | 42.0 | 24.68] 2.46 | 3.37.| 3.46 | 3.50 | 3.55 | 3.64 
Y 26.4 | 15.50] 2.50 | 3.33 | 3.41 | 3.45 | 3.50 | 3.59 
1 | 37.4 | 22.00] 1.80 | 2.59 | 2.68 | 2.72 | 2:77 | 2.87 
6x6 | 1%. | 26.5 || 15.56]) 1.83 | 2.54 | 2.63 | 2.67 | 2.71 | 2.81 
s | 149 | 8.72] 1.88 | 2.49 | 2758 | 2.62 | 2:66 | 2.75 
1 30.6 | 18.00 || 1.48 | 2:19 | 2.28 | 2.33 | 2.38 | 2.47 
5x5 | 1%. | 21.8 | 12.80] 1.51 | 2.13 | 2.22 | 2:26 | 2.31 | 2:40 
5% 12.3 | 7.22] 1.56 | 2.09 | 2.17 | 2.21 | 2.26 | 2.35 
4x4 | Me | 19.9 | 11.68] 1.18 | 1.75 | 1.85 | 189 | 1.94 | 2.04 
a a 6.6 | 3.88] 1.25 | 1.66 | 1.75 | 1:79 | 84 | 1.98 
iceeiceh. 280. | £721) (10.06 | 1.02 |-1.55 | 1.68 | 1:70 [24:75 |} 3.8m 
3453/4 | 4 5.8 || 3.38] 1.09 | 1.46 | 1.55 | 1.59 | 1.64 | 1.73 
eee 1115 |) 6:72) 0188 | 182 |, 1.41] t46 | 1:51 | 161 
Vy 4.9 | 2:88] 0.93 | 1.25 | 1.34 | 1:38 | 1.43 | 1.53 
uxzowy | % 7.7 | 4.50] 0.74 | 1.09 | 1.19 | 1.24} 1.29 | 1.39 
2745274 | if A | sR O77 a LOb | 14 | 1.191 194 |orad 
Beet ie 5.3 | 3.12] 0.59 | 0.88 | 0.98 | 1.03 | 1.08 | 2.19 
4 3.19] 1.88] 0.61 | 0.85 | 0.94 | 0.99 | 1.04 | 1.14 


This table and the two following are employed in computing the safe | 
resistance to compressive stress of two angles, back to back, used as a strut, | 
or as the compression chord of a roof truss, etc., as follows: ! 

Obtain from the compression formula in use the allowed stress per square } 
inch corresponding to the ratio of slenderness of the section, and multiply 
that value by the area. The result will be the allowable compressive stress. 

Example 1. Section given. Required the safe load in compression as per 
formula f=19000—100 l/r on a strut composed of two angles 4’ x 4’ x \%"’. 
back to back, with an unsupported length of 9 feet. 

Area of Section, A=3.88 square inches; Least Radius, r=1.25. 

Ratio of Slenderness, I/r = 9 x 12+1.25=86.4. 

Allowed Unit Stress, f= 19000—100 x 86.4= 10360 pounds per square inch. 

Safe Load, Af=3.88 x 10360= 40200 pounds. 

Example 2. Stress given. Required a section for a member in compression 
12’ 3’ long, made of two angles separated by 14 inch gusset plates, to resist a. 
total stress of 35000 pounds; ratio of slenderness not to exceed 120. 

Assume 2 angles, 5’ x 3’’ x %4@’’, long legs, back to back. 

Area of Section,A =4.80 square inches; Least Radius, r=1.26 inches. 

Ratio of Slenderness, l/r =12.25 x 12+1.26=116.7. 

Allowed Unit Stress, f= 19000— 100 x 116.7=7330 pounds per square inch. 

Safe Stress, Af =4.80 x 7330= 35200 pounds. 


In the first case the least radius is that about axis 1-1; in the second case 
about axis 2-2; in all cases the least radius determines the ratio of slenderness 
and therewith the allowed safe compressive stress. In all cases also the two 
angles are to be secured together by stay rivets so spaced as to insure that the 
section acts as a unit. The ratio of slenderness of any single angle between 
rivets must always be less than that of the strut or compression chord. 
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Long Legs Vertical 
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RADII OF GYRATION FOR TWO UNEQUAL ANGLES 
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ELEMENTS OF SECTIONS 


RADII OF GYRATION FOR TWO UNEQUAL ANGLES 


Short Legs Vertical 


Single Angle | hie | Radii of Gyration, Inches 
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MOMENTS OF INERTIA OF RECTANGLES 


In Wiptus rrom % To 5 IncH AND 1 INcH 


Neutral Axis Through Center Normal to Depth 
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1 
This and the following table may be used in computing the 
Moments of Inertia of Plate Girders, Columns and other com- 
pound sections in which plates are used; see pages 150 and 151. 
JB Width, Inches 

ere a1 = eae 

As uM he 8% he | ¥% %e 5% 1 

j e 

1 -021 .026 -031 .037 .042! -047 .052 -083 
2 .167 .208 -250 .292 .333) .375 417 -667 
3 .563 -703 .844 -984) 1.125 1.266 1.406 2.250 
4 1.333 1.667 2.000 2.333) 2.667 3.000 3.333 5.333 
5 2.604 3.25. 3.906 4.557 5.208 5.859 6.510 10.417 
6 4.500 5.625 6.750 7.875 9.000 10.125 11.250 18.000 
& 7.146 8.932} 10.719) 12.505) 14.292 16.078 17.865 28.583 
8 10.667] 13.333} 16.000} 18.667) 21.333 24.000 26.667 42.667 
9 15.188} 18.984) 22.781) 26.578) 30.375 34.172 37.969 60.750 
10 20.833] 26.042} 31.250) 36.458) 41.667 46.875 52.083 83.333 
11 27.729) 34.662) 41.594) 48.526) 55.458 62.391 69.323) 110.917 
12 36.000} 45.000} 54.000) 63.000) 72.000 81.000 90.000; 144.000 
13 45.771] 57.214) 68.656) 80.099) 91.542} 102.984) 114.427] 183.083 
14 57.167| 71.458) 85.750) 100.042) 114.333) 128.625) 142.917] 228.667 
15 70.313] 87.891] 105.469) 123.047} 140.625) 158.203} 175.781] 281.250 
16 85.333] 106.667] 128.000} 149.333) 170.667) 192.000) 213.333) 341.333 
17 | 102.354! 127.943) 153.531) 179.120} 204.708} 230.297) 255.885) 409.417 
18 | 121.500] 151.875} 182.250} 212.625) 243.000}. 273.375) 303.750) 486.000 
19 | 142.896} 178.620) 214.344) 250.068} 285.792} 321.516) 357.240) 571.583 
20 | 166.667| 208.333] 250.000) 291.667) 333.333] 375.000) 416.667| 666.667 
21 | 192.938] 241.172} 289.406} 337.641) 385.875} 434.109} 482.344) 771.750 
22 | 221.833] 277.292) 332.750} 388.208) 443.667} 499.125) 554.583] 887.333 
23 | 253.479] 316.849} 380.219} 443.589] 506.958} 570.328) 633.698] 1013.917 
| 24 | 288.000} 360.000) 432.000} 504.000) 576.000} 648.000) 720.000) 1152.000 
25 | 325.521] 406.901! 488.281] 569.662) 651.042} 732.422) 813.802) 1302.083 
26 | 366.167| 457.708) 549.250) 640.792) 732.333] 823.875) 915.417] 1464.667 
27 | 410.063} 512.578) 615.094} 717.609) 820.125) 922.641) 1025.156) 1640.250 
28 | 457.333] 571.667| 686.000) 800.333) 914.667) 1029.000} 1143.333) 1829.333 
29 | 508.104} 635.130) 762.156) 889.182)1016.208) 1143.234] 1270.260) 2032.417 
30 | 562.500) 703.125] 843.750) 984.375)1125.000} 1265.625) 1406.250} 2250.000 
32 | 682.667) 853.333)/1024.000/1194.667/1365.333] 1536.000) 1706.667| 2730.667 
34 | 818.833]1023.542|1228.250)1432.958/1637.667| 1842.375| 2047.083) 3275.333 
36 | 972.000)1215.000)1458.000/1701.000/1944.000} 2187.000} 2430.000} 3888.000 
88 |1143.167|1428.958)1714.750/2000.542/2286.333] 2572.125|) 2857.917| 4572.667 
40 |1333.333]/1666.667/2000.000|2333.333/2666.667| 3000.000| 3333.333] 5333.333 
42 |1543.500/1929.375/2315.250/2701.125|3087.000| 3472.875| 3858.750| 6174.000 
44 |1774.667|2218.333/2662.000/3105.667/}3549.333] 3993.000] 4436.667| 7098.667 
46 |2027.833)/2534.792/3041.750/3548.70814055.667| 4562.625] 5069.583) 8111.333 
48 |2304.000/2880.000/3456.000/4032.0004608.000) 5184.000} 5760.000} 9216.000 
50 |2604.167|/3255.208/3906.250/4557.292}5208.333] 5859.375] 6510.417|10416.667 
52 |2929.333/3661.667/4394.000/5126.333)5858.667| 6591.000| 7323.333/11717.333 
54 |3280.500/4100.625|4920.750|5740.875|6561.000| 7381.125) 8201.250)13122.000 
56 |3658.667|4573.333/5488.000/6402.667|7317.333| 8232.000| 9146.667|14634.667 
58 |4064.833/5081.042'6097.250)7 113.458'8129.667| 9145.875/10162.083)16259.333 
60 |4500.000|5625.000/6750.000)7875.000/9000.000}10125.000/11250.000/18000.000 


ELEMENTS OF SECTIONS 


MOMENTS OF INERTIA OF RECTANGLES 
In Wivtss oF 1 Incu 


Neutral Axis Through Center Normal to Depth 


1 1 
To obtain the Moment of Inertia of any rectangle, multiply 
the tabular value for itsdepth by its widthininches. For deeper 
rectangles of tabular thickness, multiply the tabular values for 
half their depth by 8; or for one-third their depth by 27, etc. 
£3 3 23 38 33 ag 
= Tha ee ieee a Ty- 4 : 2 I 2 Ty. 
a o 1-1 a 1-1 1-1 a its B 1-1 
53 e Inches 4 = ei coed Be Inches + & e Inches + Be Inches # = E Inches + 
0 .000 || 6 18.000 12 144.000 |18 | 486.000)24 |1152.000/30 |2250.000 
\% .000 | 19.149 || 34)148.547]] %) 496.195 44/1170.094| 1412278.243 
A -001 44) 20.345 | 44/153.189|| 14| 506.533] 14/1188.376] 14/2306.721 
3% .004 | 21.590 || 34/157.926|| 36) 517.012]| 3411206.848] 34'2335.434 
% .010 44| 22.885 |) 14/162.760|| 14) 527.635] 14/1225.510] 1412364.385 
a4 .020 | 24.231 54) 167.692 || 54) 538.403] 54/1244.364]| 54/2393.575 
34 .035 841 25.629 || 34/172.723 34| 549.317 74/1263.410 34/2423 .004 
K% -.056 %| 27.079 || %) 177.853 ||_ %| 560.376] 74)1282.650)) %4|2452.674 
1 .083 || 7 28.583 ||13 |183.083 ||19 | 571.583]/25 |1302.083]31 |2482.583 
\y% .119 Yg| 30.142 || 34/188.416]| 44) 582.939] 14/1321.713] 34/2512.737 
yy -163 44) 31.757 44|193.850 || 14| 594.444] 14/1341.538] 14/2543.132 
3% 217 3%] 33.428 || 34)199.389 || 34} 606.099] 34/1361.561]|.34/2573.771 
4% .281 44} 35.156 || 14|205.031 4%} 617.906] 14/1381.781] 14/2604.656 
5% 358 S| 36.944 || 54|210.779 || 54) 629.866] 54/1402.20 54/2635.787 
34 447 34| 38.790 |] 34/216.634 || 34) 641.978]) 341422.821|| 34/2667.165 
WA 549 | 40.698 || 1%) 222.596 Y%) 654.245] 74)1443.644!| 74/2698.792 
2 .667 || 8 42.667 ||14 | 228.667 |20 | 666.667/26 |1464.667|32 |2730.667 
\% -800 | 44.698] 14) 234.847 || 14| 679.245] 14/1485.893] 14/2762.792 
yy .949 44) 46.793 || 14|241.137 | 691.840) 14/1507.324) 14/2795.168 
¥% 1.116 8%| 48.952 || 34/247.538 |) 34) 704.874] 34/1528.961]| 34/2827.797 
| 1.302 | 51.177 || 14|254.052 |) 14! 717.927] 14/1550.802) 14/2860.677 
5%| 1.507 || 5%| 53.468] 54/260.679|| 54| 731.141] 54/1572.851| 54/2893.812 
341 1.733 || 34) 55.827 || 34|/267.421|| 34| 744.514] 37/1595.108 %4/2927.202 
_H|_ 1.980 ||_%4|_ 58.254 |_%|274.277 ||_%| 758.051) _%1617.575}_%2960.849 
a 2.250 || 9 60.750 15 |}281.250 /21 | 771.750/27 |1640.250/33 |2994.750 
| =2.543 ¥%| 63.317 || 14)288.340 |) 14| 785.613] 141663.136] 143028.911 
| 2.861 44| 65.954 || 14/295.548 || 14| 799.652] 14/1686.236] 14/8063.329 
34) 3.204 %%| 68.665 || 34/302.875|| 3%] 813.836] 341709.547]| 343098.009 
4) 3.573 4a] 71.448 || 14/310.323 || 14) 828.198] 14/1733.073|| 14/338132.948 
54, 3.970 S| 74.305 |) 54/317.891 5| 842.727) 5411756.814] 54/3168.150 
34| 4.395 84| 77.238 || 34/325.582 || 34| 857.426] 34/1780.770]| 34/8203.614 
| 4.849 | 80.247 || 7%) 333.396 || %) 872.294] 74/1804.943]| 74/38239.341 
4 5.333 |/10 83.333 ||16 | 341.333 22 | 887.333]28 |1829.333/34 |(8275.333 
5.849 | 86.498 | 14|}349.396 || 14) 902.545] 14/1853.943]) 1,%/38311.592 
i 6.397 1G 89.741 14/357.585 || 14| 917.928 141878.773 144/3348.117 
3%| 6.978 8%) 93.064 3%|365.900 || 3%} 933.486] 34/1903.823] 3433384.909 
| 7.594 | 96.469 || 14/374.344 || 14) 949.219] 14/1929.094|| 143421.969 
54| 8.244 5%] 99.955 || 54/382.916 || 56] 965.127] 54)1954.588|| 54'8459.300 
34! 8.931 34/103.525 || 34/391.618 || 34) 981.212]) 34/1980.305|| 34/8496.900 
%| 9.655 || %|107.178 || 74) 400.452 ||_%| 997.475] 742006.249] 743534.772 
m2) 10.417 |/11 110.917 |17 |409.417 23 |1013.917/29 |2032.417/35 |8572.917 
%] 11.218 4) 114.741 144|\418.515 || 3441030.538) 31¢2058.811 44/18611.3834 
14) 12.059 14\118.652 || 14|427.746 || 14)1047.340) 142085.434) 44/3650.027 
34/ 12.941 §4/122.652 || 34)437.113 34'1064.323] 342112.285] 34/33688.994 
|) 13.865 44} 126.740 || 4|446.615 ¥21081.490 142139.365] 14/38728.240 
54] 14.832 54/130.918 || 54|456.253 || &%1098.839] 5¢2166.676] 54/3767.763 
34| 15.843 34/135.186 || 34/466.030 || 341116.374] 342194.218] 3413807.561 
| 16.898 14| 139.547 || 7%) 475.945 || 741134.094 Yy2221.992 143847.641 
6 18.000 |12 [144.000 18 |486.000 |[24 |1152.000|30 2250.000/36 [8888.000 
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HOLLOW ROUND SECTIONS 


AREAS AND Rapit oF GYRATION 
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ELEMENTS OF SECTIONS 


HOLLOW SQUARE SECTIONS 


AREAS AND Rapit or GyRATION 


V2 
d 2 2 
+ Radius of gyration—= Ne + a in 
Side | 2 Thickness, t, Inches 
D, | § 
Inches | 3 | %4 |") % | 1 | % | 94] %] 1 1146/11) 196,146] 156] 194] 17%] 2 
2 | A | 4.25] 244 | 
[ES ear A a FS al | | 
3 [AP] 8.36) Moke ee ee beeen eae 
Fens Oe sf eS ah | 
Spec AN B.To AO 54d 7.00) he Teen bo ln let fe (ae feel fo gl a | Daw 
| 453) 451) 1.40) 1.44 | | 
_ | A | 475] 5.86] 6.94) 9.00/10.94/12,75 ie Se ea se alias. 
|r _1-94) 4.92) 1.89] 1.85] 1.80] 1.76, |__| si Plaibel 
¢ | ASB 8a4coonsaate 770420007 | || 
T_| 2.35) 2.33) 2.30) 2.26 2.21) 2.17) 2.12) 2.08 Rte Nols | Sele AS 
> | A | 675| 8.36) 9.94'13.0015.94)18°75,21.4424.0026.44 28,75 Alle 
——__|_1_| 2.76] 2.73] 2.71) 2.66) 2.62) 2.57) 2.53] 2.48 2.44) 240) |__| || 
| A_|2-75)_9.61 11.44 /15,00]18.44'21,75)24.94'28,00)30.94 33,75] 36.44) 39.00 Eas 
| A. | 8.75)10.86|12.94117,00)20.94 24.75 28.44/32. 00'35.44/38.75) 41.94) 45.00) 47.94) 50.75 
19 | -A_|9:79)12.11]1-4.44)19,00;28.44 27.75 31.94 /36.00)30,04/48.75) 47.44| 51.00] 64.44)" 57.75] 60.94) 64.00 
_T_| 3.98 3.96) 3.93] 3.88] 3.84) 3.79] 3.74) 3.70) 3.65) 3.64|_3.57|_3.52_3.48|_ 3.44) _3.40)_ 3.37 
11 | A (10.7518.3615.94/21.00)25.94 30.75 35.44 40,00/44.44/48.75| 52.04] 67.00] 60.04| 64.75] 68.44) 72.00 
X_| 4394.37] 4.34 4.29) 4.24) 4.20) 4.15) 4.10] 4.06) 4.04) 3.97|_3.93|_3.88|_3.84)_3.80|_3.76 
2 | A [1825 14617-44128, 0028.44 33.75)38,.94 44,00/48.04) 53.75] 58.44] 63.00] 67.44) 71.75] 75.94| 80.00 
E_| 4.80) 4.7/ 4.75) 4.70} 4.65) 4.60) 4.56) 4.54) 4.46) 4.42 4.37) 4.33) 4.29) 4.25 4.20\_4.16 
13 | A |12-75|15.86)/18.04)25.00)30.94)36.75/42.44 48.00|53.44)58.75) 63.94] 69.00] 73.94) 78.75] 83.44) 88.00 
T_| 5.2) 6.18} 5.16] 5.11) 5.06 5.01) 4.96 4.92) 4.87) 4.82|_4.78_4.74|_4.69)_4.65|_4.61)_ 4.56 
4 | A |18.75)17.11)20.44)27,00 38.44'39,76|45.94 52,00,57.94/68.75] 69.44) 75.00] 80.44) 85.75] 90.04) 96.00 
2 _|_ 6.61) 5.591 5.56 5.51] 5.47) 5.42) 5.37) 5.32] 5.28) 5.23_5.18|_ 5.14) 5.10) _5.05)_5.01|_ 4.97 
15 | A [1470)18.36/21.04)20,00)35.94/42.75)49.44 56.00)62.44/68.75) 74.94) 81.00) 86.04) $2.75) 98.44 104.00 
1¢ | A {15.75} 19.61/28.44 31.00)38.44 45.75)52.94|60,00/66,94)73.75] 80.44) 87.00) 93.44) 99.75105.04/112.00 
T_| 6.43) 6.41) 6.38] 6.33 6.28) 6.23] 6.19 6.14) 6.09) 6.04| 6.00 _5.95_6.94/_5.86_5.82_5.77 
17 | A |16-75)20.86'24.94 23.00/40, 04/48.75)56.44|64.00/71.44/78.75] 85.94] 93,00] 99.04)106.76 113.44 120.00 
T_| 6.84) 6.81) 6.791 6.74) 6.69 6.64) 6.59 6.54).6.50] 6.46 6.40) 6.36) 6.31) 6.27] 6.28|_6.18 
1g | -A_|#2.75)22.11)26.44 35.00,48,44 51.75 59.94 68,00) 75.94/88,75| 91.44) 99,00 106.44 118.75 120.941128.00 
jE _|_ 7.25] 7.22) 7.20] 7.15) 7.10] 7.05) 7.00] 6.95) 6.90} 6.86) 6.81 _6.76_6.72|_6.67|_6.63|__6.58 
19 | A |18.75)28.86/27.94:37.00/45.94)54.75 63.44 72.00 80.44/88.75] 96.94 05.00 112.94 120.75)128.44/136.00 
_X_| 7.66) 7.63) 7.61] 7.56|_7.51) 7.46) 7.41) 7.36 7.24) 7.26, 7.2% 74'7|_7.12|_7.08)_7.03)_ 6.09 
“oq | A [29:75/24.61/20.44'39,00 48.44) 57.75|66.94 76.00 84.94 93.7511 02.44/111,00 119.44 127,751 85.94 144.00 
r | 8,06] 8.04| 8.01] 7.96| 7.91] 7.87| 7.82) 7.77| 7.72| 7.67] 7.62 7.58] 7.53] 7.49] 744) 7.39 
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STRESSES IN BEAMS 


In the application of the principles of structural mechanics to_ 
determine what sections should be used safely to sustain super- 
imposed loads under specified conditions of loading, it is necessary 
to ascertain, first, the effects produced on the structure by the loads 
under those conditions; second, to decide what unit strength the 
material, the use of which is contemplated, has to resist the stresses 
produced within the structure by the loading; and, third, to select 
a section whose section modulus is equivalent to the ratio found to 
exist between the stresses tending to cause deformation within 
the structure and the unit strength of the material to resist them. 

Reactions. In the simple case of a beam supported at both ends, 
each support reacts with an upward pressure called the reaction 
of the support. The sumof these two reactions is equal to the total 
load on the beam. ’ 

Shear. The loads and the reactions of the supports are vertical 
forces tending to shear or cut the beam across and the stresses 
they produce within the beam are, therefore, called shearing 
stresses. The shear at each support is equal to the reaction of 
the support; the shear at any point between the supports is equal 
to the reaction of a support less the total load between that 
support and the point; or, if the reaction acting upward is 
considered as positive and the loads, acting downwards, as 
negative, the shear at any point is the algebraic sum of the 
vertical forces acting on the beam between that point and either 
support. 

If such a simple beam supported at both ends carries a load 
uniformly distributed over its entire length, the reaction and the 
shear at each support is equal to one-half the total load on the 
beam, but the shear decreases uniformly to zero at the center of 
the span; if the load is concentrated at the center of the span, the’ 
reaction and the shear at each support are also equal to one-half 
the total load, but the shear is uniform throughout the entire 
length of the beam. ‘ 

Bending Moment. The loads on the beam and the reactions of the 
supports constitute external forces which produce bending stress in 
the beam. The summation of the moments of the external forces 
about any point is called the bending moment and varies from 
point to point. It attains a maximum value at a point where the 
shear is either zero or changes from positive to negative or vice 
versa. If the loads are concentrated at several points, the maxi- 
mum bending moment always occurs at the point of application of 
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one of the loads so located that the sum of all the loads on the beam 
between one support up to and including that load is equal to or 
greater than the reaction of the support. 

Vertical Deflection. Bending stress within a beam produces flexure, 
and the deflection, or the amount of its departure from a straight 
line, is the measure of the deformation which the beam has under- 
gone in its resistance to bending stress. So long as the stress is 
within the safe limits allowed for the material, the deflection is 
negligible so far as concerns the beam itself; it may, however, be 
of sufficient magnitude to cause the disruption of other materials 
in contact with or supported by the beam but of less strength, such 
as plaster. In such cases the limit of allowable deflection may 
determine or at least influence the choice of a section. 

Lateral Deflection. The stresses within a beam under transverse 
loading are compressive on one side of the neutral axis and tensile 
on the other.- The tensile stresses tend to hold the beam in a 
straight line between the supports, while the compressive stresses 
tend to deflect it in a lateral direction, just as the bending stresses 
as a whole tend to deflect it in a vertical plane. On long spans 
unsupported against sidewise deflection, this consideration may 
influence the choice of sections. 


Method of Computation. A complete investigation of the strength of 


beams under transverse loading must take into account all the 
elements, the bending moment, the vertical deflection, the lateral 
deflection and the shearing stress; though under the usual loading 
conditions the first alone determines the size and weight of section. 

In the calculation of bending stresses, the loads are usually 
expressed in pounds, the span length and the distance between the 
loads in feet; the resulting bending moments are in terms of foot 
pounds, which necessitates conversion’ to inch pounds before the 
section can be selected from the tables. The section modulus of 
the required section is obtained by dividing the maximum bending 
moment in inch pounds by the allowed fiber stress in pounds per 
square inch. In such calculations it is assumed that the neutral 
axis of the section is normal to the line of action of the load. When 
this is not the case, correction must be made for the eccentricity 
of the loading. 

In the pages which immediately follow are given general formulas 
for the bending moments and vertical deflections of beams under 
the usual conditions of loading, and also diagrams illustrative of 
those conditions. The general method for the computation of the 
maximum bending moment of a beam supported at its ends and 
loaded at various points is as follows:— 
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First. Find the reaction at the left (right) support by multi- 
plying each load by its distance from the right (left) support and 
dividing the sum of these products by the length of the span. 


Second. Starting from the left (right) end of the beam, add the 
successive loads until a point is reached where the sum of the loads 
equals or exceeds the reaction of the left (right) support; the point 
of maximum bending moment is located at this point. 


Third. Multiply the reaction at the left (right) support by its 
distance from the point of maximum bending moment and subtract 
the sum of the products of all loads to the left (right) of this point 
by the corresponding distance from this point; the difference 
between these moments is then the maximum bending moment. 

od os Example: Required the size of a 
steel beam to support the following 

iit YG: mira quiescent loads over a clear span of 16 

feet between supports, at a maximum 
fiber stress not to exceed 16000 pounds 
per square inch. 

W1=16000 pounds, 4 feet from left support. 

We= 18000 os OED Bay ars 7 

Ws= 2000 Se per foot, uniform up to 4 feet from right support. 

Wa= 60 i: «assumed weight of beam uniformly distributed 
over entire span. 


Left Reaction, 16000 x 12 + (60 x 16)8 ae x7 + (2000 x 4) x 2 


=21355 lbs. 


16000 x 4 + (60 x 16)8 + 18000 x9 + (2000 x4) x 14 
16 


Right Reaction, =21605 lbs. 
Sum of reactions—=sum of loads=W, + W. + W; + Wz =42960 lbs. 
Points of maximum moment (60 x 4) + 16000 = 16240 < 21355 
(60 x 9) + 16000 + 18000 = 34540 > 21355 

therefore the point of maximum bending moment is at point of load Woe. 
Maximum bending moment, 21355x 9-16000x 5-(60x9)x4.5 =109765 ft. lbs. 


or, 21605 x 7-(2000x4)x5-(60x7)x3.5 =109765 [t. lbs. 


Required section modulus = og7Tee x12 = 1A TASO =82.4 


As the section modulus of the’15 inch 65 pound or the 18 inch 54.7 pound 
beam is greater than this, either of these sections may be used. If itis decided 
that the 18 inch 48.2 pound supplementary beam is strong enough for the 
purpose, the actual fiber stress on that section would be 1317180 _ 16082 
pounds per square inch. If the allowed fiber stress were 12500 pounds per 
square inch, the required section modulus would be sO ye = TsO = 
105.38 and the permissible minimum sections would be 20 inch 65.4 pound, 21 
inch 60.4 pound beams, etc. 
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NOTATION USED IN FORMULAS 


A =Area of section, in square inches. 
n Distance from center line of gravity to extreme fiber, in inches. 
I =Moment of inertia about center line of gravity, in inches‘. 
Ms=Static moment, in inches?. 

=Section modulus=I/n, in inches’. 

=Radius of gyration=~1/1/A, in inches. 

=Bending stress in extreme fiber, in pounds’ per square inch. 

=Resistance of web, in pounds per square inch. 

=Modulus of elasticity, in pounds per square inch. 

=Length of section, in feet. 

=Length of section, in inches. 

=Depth of section, in inches. 

=Width of section, in inches. 

=Thickness of section, in inches. 
W, W1, W2=Superimposed loads supported by beam, in pounds. 
Ww =Superimposed load, in pounds per unit length or area. 
W max =Maximum safe load at point given, in pounds. 
18h DR =Reactions at points of support, in pounds. 
Vv =Vertical shear, in pounds. 
M, Mi, M2=Bending moments at points given, in inch pounds. 
M max =Maximum bending moment, in inch pounds. 
Mr = Maximum resisting moment, in inch pounds=fI/n=f 8. 
DD =Deflections at points given, in inches. 
D max =Maximum deflection at point given, in inches. 
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COMPARISON OF VARIOUS LOADING CONDITIONS 


The formulas and diagrams on pages 185 to 188 give the various 
stresses in sections used as beams, resulting from usual conditions 
of loading. 


Taking as a unit of comparison a uniformly distributed safe load 
on beams of equal length and section, supported at the extreme 
ends, the following table gives the relative maximum safe loads 
or bending moments and deflections. 


As a check on the accuracy of a computation, the safe load 
obtained from the formula for any condition of loading may be 
multiplied by the reciprocal given in the table corresponding to 
such loading condition ; the result should be the maximum allowable 
uniform load as taken from beam safe load tables. 


Maximum Safe | Maximum 
Conditions of Loading Load Deflection 


Relative Reciprocal | Relative 


Beam SupportTEeD aT ENDS 
Load uniformly distributed over span 
Load concentrated at center of span 
Two equal loads symmetrically concentrated 
Load increasing uniformly to one end 


Load increasing uniformly to center 
Load decreasing uniformly to center 


Beam Frixep at Onn END, CANTILEVER 
Load uniformly distributed over span 
Load concentrated at end 
Load increasing uniformly to fixed end 


Bream ConrTinvovus over Two Supports 
EQUIDISTANT FROM ENDS 


Load uniformly distributed over span 
1. If distance a >0.2071 1 
2. If distance a <0.2071 1 
3. If distance a =0.2071 1 

Two equal loads concentrated at ends 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
BENDING MoMENTS AND DEFLECTIONS 


I. CANTILEVER BEAM—Concentrated load at free end 


pit Ri (max. shear) = W 
i M, distance x WX 


M max, at Ry —-We 

W max. — 8 
aeWile 

D max. a Gil 


TI. CANTILEVER BEAM—Uniformly distributed load 


nat Ri (max. shear) —" WV. 
M : 2 
ji vos M, distance x = We 
ae 
M max. at Ri = wi 
‘W max. = 2s 
; _ Wis 
ie a! Dmax. = SEI 


If. CANTILEVER BEAM—Load increasing uniformly to fixed end 


Ri (max. shear) = W 

M, distance x = Wx 
M max. at Ri = mies 

‘W max. = aN 

D max. = ae 


IV. BEAM SUPPORTED AT ENDS—Concentrated load near one end 


R(max. shear if b>a) = we 
Ri (max. shear if a>k)= we 
M, distance x = aS 
I 

M max., at point ofload= wap 

{Sl 
‘W max. = ab 

__ Wab (a+2b) 3a (a+2b) 

vane aS 27EI1 


185 


CARNEGIE STEEL COMPANY 


BEAMS UNDER VARIOUS LOADING CONDITIONS 
BrenpInac Moments AND DEFLECTIONS 


V. BEAM SUPPORTED AT ENDS—Concentrated load at center 


AW Ww 
M max. R (max. shear) =R; = 
1 ‘ 


M, distance x 
M max., at point of load 
W max. 


D max. 


VI. BEAM SUPPORTED AT ENDS—Two unsymmetrical concentrated loads 
R (max. shear if a<b) —4 WY -a+b) 


Esiakt. 

a, es! 
' Wa 

M, distance a = Rag (lat b) 


Mi max., distance b (b>a) = Rib=¥P (+a-b) 


(l+a-b) 


. WwW 
Meg, distance x ~- Rx-—-(x-a) 


21fS 


W max. (b>a) = Feb 


Sinema 
M'max, R (max. shear) =R1 


M, distance x 
M max.atand betweenloads= 
W max. 


D max. 


Vill. BEAM SUPPORTED AT ENDS—Three concentrated loads 
Wb+Wibi+ Webe 
=—+, 
Wa-+ Wia1+ Weae 


— 8 KE 
=or>R 
= Ra,—W(a1—a) 
M max. if Wi1+W = Ror>R 
M max. if Wi+We = Rior>R, 
Mat We = Rap-W (ag-a)-W1(ae-a1) 
M max. if We = Rpor> Ri 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 


BENDING Moments AND DEFLECTIONS 


IX. BEAM SUPPORTED AT ENDS—Uniformly distributed load 


R(max.shear)=R,  ,= ie 
Mimax. s 
A| Nee M, distance x = d--) 


M max. at center = ae 


‘W max. SS ae 


pmax. ~ 38451 


X BEAM SUPPORTED AT ENDS—Load increasing uniformly to one end 


WwW. 
. mea 
Ri(max. shear) = 2w 
° 2 
M, distance x igs We (Ir) 

1wv3 

M max., distance 8 = ALE 

9 v3 

e2is 

‘W max. a V3 


a _ 013044 WIs 
max. — Taga AO ea 


XI. BEAM SUPPORTED AT ENDS—Load decreasing uniformly to center 


R(max. shear)=R = y 
i x 2x2 
M, distance x = Wx(46--- +31 >) 
M max., distance + = wy 
W max. a Lets 
Pe ows 
Denes: ="320ET 


R(max. shear)=R, _ ey 

; 2 
M, distance x = Wx(¥4--347) 
M max., distance 4 = wi 


W max. 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Brnpina Moments aND DreritEecTIons—Concluded 
XII. BEAM SUPPORTED AT ENDS—Uniform load partially distributed 


R (max. shear if a<c)=WOstb) 


, we 
Ry =WGatb) 

M, dist.x=aor<a, =Rx 
ie M; dist.x>a, = Rx- 
}e----+4---—} ]} -+------> 


i} ' ' 1 
Brien oot, St Mp, dist. x>(at+b),- =Rx—W(2x-2a-b) 


nae “diet at Rb —. W@eth) galt b@erh)| 


w i 812fS 
max: ™ (2c+b)[4al+b(2c+b)] 


XIV. BEAM SUPPORTED AT ENDS—Uniform load partially discontinuous 
R(max. shear if W>W3) = Oe 


W (x—a)2 
2b 


BEY __ Wi(2l-c)+Wa 
; mse oS 
M, distance x <a, ane we 


See W (2x-a) 
a 


1 


M; distance x >a, = Rx 
2Wal-Wa2+ Wica 


M max. dist.x 2 
& Wa> Wic 


W max. 


R(max. shear)=R, 
M, distance x 
Mmax.,from R to Ri 
W max. = 
D, distance a = —Wa(Sal—4a?) 


Di, distance+—a Wate 


16 


BEAM CONTINUOUS OVER TWO SUPPORTS—Uniformly distributed load 
eas Wa, Wl 
Ri =—y- max. shear —— Orion Ss =a) 


+ 5 2] = 
a M, distance x ee 0, if} oo 
Wa? = 
MiatRandRi=—sy- max. if'a > 1(W/34-14) 


Moe at center = Ee) 


max. if a <1( V4-¥) 


i 1 i 
(po pu;| «= Ws max. = =-2188 max. if a> 1(W34-14 
; Z —14) 
gp R tial Rr ll a 


i 8fS ro 
Liege ot We max. Seam max. if a <\(N34-¥) 
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SAFE LOADS FOR SECTIONS USED AS BEAMS 
EXPLANATION OF TABLES 


The tables of safe loads for structural and supplementary beams, 
H-beams, cross tie sections and channels, used as beams under 
conditions of transverse loading, give the uniformly distributed 
safe loads in thousands of pounds for spans customary in bridge 
and building construction based upon an extreme fiber stress of 
16,000 pounds per square inch. The tables of safe loads for angles, 
tees and zees give the values at the same fiber stress on spans of one 
foot from which the safe load for any span length may be obtained 
by direct division and also the values for those spans at which the 
allowed safe load will produce a deflection of 4460 of the span length. 
The loads in all cases include the weight of the section, which should 
be deducted in order to arrive at the net load which the section will 
support. 


In addition to these usual tables of safe loads, there follow, on 
the same basis, tables of the allowable uniform load in pounds per 
foot on beams and channels for various span lengths, whith may be 
used in proportioning the floor systems of buildings. The choice 
between various weights and depths of sections for any given span 


or any uniform load per running foot may be made on inspection. 


It is assumed in all cases that the loads are applied normal to 
the axix 1-1 as shown in the tables of elements of sections, and that 
the beam deflects vertically in the plane of bending only. If the 
conditions of loading involve the introduction of forces outside this 
plane of loading, the allowable safe loads must be determined from 
the general theory of flexure in accordance with the mode of appli- 
cation of the load and its character. This apples particularly to 
unsymmetrical sections, such as zee bars and angles, which should 
be used only under those conditions of loading where the section 
can deflect vertically only, being rigidly secured against lateral 
deflection or twisting throughout the entire span. In all such 
cases of eccentric loading, the actual safe loads would be considerably 
lower than the tabulated safe loads which have been based upon 
the most favorable conditions of loading. 


Vertical Deflection of Beams. In the case of beams intended to carry 
plastered ceilings, experience indicates that the vertical deflection 
to avoid cracking the plaster should be limited to not more than 
Veo of the span length. This span limit for steel beams is approxi- 
mately in feet twice the depth in inches and is indicated in the 
tables by the lower zigzag line. Beams intended for such purposes 
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should not be used for greater spans unless the allowable tabular 
safe loads exceeds the actual load to be supported. As the dead 
load of the floor is supported by the beams before the plaster is 
applied, only the deflection due to the live load really needs to be 
considered. 

The coefficients given below may be used to obtain the deflection, 
in inches, of sections subjected to transverse stresses due to uniformly 
distributed loads at various fiber stresses and are based upon the 
following formulas, using the notation given on page 183, 


8fI sf 12 15fL2 1 
Deflection, D=—= ator: when Wl or vince wieder na 


é 4 d sorta, Coefficient 
For symmetrical sections, n—=3, D=;—4y—- lane 


CoEFFICIENTS OF DEFLECTION UNIFORMLY DisTRIBUTED Loaps 


Fibre Stress, Pounds per Square Inch Fibre Stress, Pounds per Square Inch 


| Span, 
Feet 
| 
| 


16000 14000 = 12500 12500 


0.017 | 0.014 | 0.013 | 26 | : 8.741 
0.066 0.058 0.052 | 27 ‘ : 9.427 
0.149 0.130 0.116 28 : : 10.138 
0.265 0.232 0.207 29 : 10.875 
0.414 0.362 0.323 30 - : 11.638 


0.596 0.521 | 0.466 31 5 : 12.427 
0.811 0.710 | 0.634 || 32 : : 13.241 
1.059 0.927 | 0.828 33 025 | : 14.082 
1.341 JLTS, O47 0 os 34 : : | 14.948 
1.655 1.448 1.293 | 35 : 5 15.841 


2.003 | 1.752 12565 1" > 36-9" ort | 18. | 16.759 
2.383 | 2.086 | 1.862 37 : f 17.703 
2.797 | 2.448 | 2.185 38 23° 20. 18.672 
3.244 | 2.8389 | 2.534 39 . : 19.668 
3.724 | 3.259 | 2.909 40 ; : 20.690 


4.237 3.708 | 3.310 |} 41 ‘ ‘ 21.737 
4.783 4.186 3.737 42 A s 22.810 
5.363 4.692 4.190 43 : 3 23.909 
5.975 5.228 4.668 | 44 : : 25.034 
6.621 5.793 5.172 || 45 ; 5 26.185 
7.299 6.387 5.703 46 4 4 | 27.362 
8.011 7.010 6.259 47 : 4 28.565 
8.756 7.661 6.841 48 é ; 29.793 
9.534 8.342 7.448 | 49 is c 31.047 
25 10.345 9.052 8.082 50 : : 32.328 


To find the deflection in inches of a section symmetrical about 
the neutral axis, such as beams, channels, zees, etc., divide the 
coefficient in the table corresponding to given span and fiber stress 
by the depth of the section in inches. 
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To find the deflection in inches of a section not symmetrical 
about the neutral axis, such as angles, tees, etc., divide the coeffi- 
cient corresponding to given span and fiber stress by twice the 
distance of extreme fiber from neutral axis obtained from table of 
elements of sections, pages 152 to 172, inclusive. 

To find the deflection in inches of a section for any other fiber 
stress than those given, multiply this fiber stress by any of the 
coefficients in the table for the given span and divide by the fiber 
stress corresponding to the coefficient used. 


Lateral Deflection of Beams. The tabular safe loads are based on the 
assumption that the compression flanges of the various sections are 
secured against lateral deflection by the use of tie rods or by other 
means at proper intervals. According to the Construction Specifi- 
cations, page 138, the lateral unbraced length of beams and 
girders should not exceed forty times the width of the compression 
flanges. When the unbraced length exceeds ten times the 
width, the tabular safe loads should be reduced in accordance with 
the ratios given in the following table in order to insure that the 
stresses in the compression flanges should not exceed the allowed 
safe unit stress :— : 


Unbraced l Allowable Safe Load oud | Unibraned Allowable Safe Load 


Length of Span | Length of Span 


5 x flange width Full tabular load 25 x flange width | 71.9% tabular load 
LOE aia 30x, . 4 ify 62.59% SS 

15 x “| 90.6% tabular load || 35 x Me Sh Wayans, 
20x ue pees fs EM AOE: * 143.8% 


= addition a this lateral dalection cee is induced within 
the beam by the action of pure bending stresses, lateral deflection 
may be induced by the thrust of floor arches or other loading acting 
on an axis perpendicular to the line of principal bending stress. 
The thrust of these arches should either be neutralized by tie rods, 
or the safe carrying capacity of the beam should be computed in 
accordance with the general formulas of flexure to provide for the 
combined stresses due to the action of both vertical and horizontal 
forces; that is to say, the safe loads should be figured around both 
the axes 1-1 and 2-2, and the unit stress computed so as not to 
exceed 16,000 pounds per square inch. 

Effect of Impact on Stresses. The formulas upon which the tables of safe 
loads are based assume all loads to be quiescent or static. The effect 
of moving loads may be taken care of either by reducing the allowable 
unit stresses, or else by increasing the theoretical loads. See 
Construction Specifications, page 136, paragraph 2. 
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! 
When the load is suddenly applied, the resultant stresses are greater 
than those due to an equal static load. When the load is instan- 
taneously applied, the resultant stresses are double. 


When an instantaneously applied load produces impact or percus- 
sion, the resultant stresses are dynamic and are measured by the laws 
governing the energy of bodies in motion. The following empirical 
formulas may be used to ascertain the approximate fiber stress and 
deflection due to a load falling on the center of a beam supported at 
both ends, when no account is taken of the distortion due to the 
impact or percussion at the point of application of the load:—Let 

W =Weight of load, in pounds. 

W1i=—Weight of beam, in pounds. 

h =Height of fall, in inches. 

f ==Extreme fiber stress due to static load, W-+-W1, in pounds per 

square inch. 

fa —Extreme fiber stress due to dynamic load, W, in pounds per 

square inch. 

D =Deflection due to static load, W-++W1, in inches. 

Da =Deflection due to dynamic load, W, in inches. 


35 W 
35 Wie 7 Wa oe 


iat i Tak 1) and Da=D-+ \2mhD + D2 


Shearing Stresses. The safe load tables for beams and channels are 
computed solely with reference to safe unit stresses due to flexure, 
and the safe loads uniformly distributed on the spans given will not 
produce average shearing stresses in the web greater than the 
10,000 pounds per square inch allowed by the Construction Specifi- 
cations. When, however, beams are loaded with heavy loads 
concentrated near the supports, or when beams of short span are 
loaded with uniformly distributed loads to their full carrying 
capacity as regards flexure, the bending moments may be small in 
comparison with the reactions at the supports, and the beams may 
fail along the neutral plane as a result of longitudinal shearing 
stresses, or may buckle as a result of the combined longitudinal 
and vertical web stresses. On such spans the safe shearing or 
buckling strength of the web may limit the carrying capacity of 
the beam rather than the resistance of the flanges to bending 
stresses. 


Longitudinal Shear. At any point in any section of a beam, the 
horizontal and vertical components of the web stress are equal to each 
other and proportional to the vertical shear; their intensities are 
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dependent upon the distance of the point from the neutral axis. In 
order to determine the intensity of the vertical shearing stress at 
a given point .in a vertical section of the beam, therefore, it is 
sufficient to find the equal intensity of the horizontal shearing 
stress at the same point in the horizontal plane. 


The longitudinal unit shear is zero at the upper and lower flanges 
of the beam and a maximum at the neutral plane. It is greatest 
at the supports and zero where there is no vertical shear. 


The intensity of the longitudinal shear at any point in any section 
is the product of the vertical shear, V, for that section and the 
statical moment, Ms of the section included between the horizontal 
plane of shear through that point and the extreme fibers on the same 
side of the neutral plane divided by the product of the moment of 
inertia of the beam around the proper axis and the thickness at the 
plane of shear; or 


Longitudinal shear per square fire ay 


Example—Required the maximum longitudinal 
shear per square inch in a 24’ 79.9 Ib. beam loaded 
with two symmetrical loads of 100,000 pounds 
each, disregarding the weight of the beam. 

Ms of Flange Rectangle=7x.60x11.7 = 49.14 

Ms of Flange Triangles =3 .25x.542x11.219—= 19.76 
ccs anei Ms of Web =11.40x.50x5.70 = 32.49 
Plane of shear Total Static Moment 101.39 
Moment of Inertia of Beam I—2087.2 
160000x101.39 

2087 .2x.50 
—=9715 pounds per square inch. 


Longitudinal Shear—= 


Under usual conditions of loading, the vertical shear need not be 
taken into consideration. 


Buckling Values of Beam Webs. The vertical shearing stresses or the 
vertical compressive components of the web stress may under some 
conditions exceed the safe resistance of the beam to buckling, and 
there remains the possibility that a web or web plate which is amply 
secure as against the safe allowed shear of 10,000 pounds per square 
inch will not be of sufficient strength when considered as a column. 
In such cases provision must be made for security against buckling 
either in the way of stiffeners or by increasing the thickness of the 
web or web plate. 

A series of experiments have been carried out on beams of various 


depths and web thicknesses to arrive at a basis for a simpler method 
of computation to use in the investigation of the safe buckling 
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resistance of beams with unsupported webs, and from these experi- 
ments the following formulas have been deduced: 


al al 
An A oe =e 


iii Safe end reaction R= fbxt (a +4) 


Safe interior load W==2 fp x t (at +H 


la 


In these formulas R is the end reaction, W the concentrated load, 
t the web thickness, d the depth of the beam, at half the distance 
over which the concentrated load is applied and a the whole 
distance over which the end reaction is applied, while fp is the safe 
resistance of the web to buckling in pounds per square inch by the 
formula 19000—100 d/2r (d/2=1 in column formula). 


The first formula is general and applies to any condition of 
loading. The second formula covers the case of a single load 
concentrated at the center of a span; it can be extended to cover a 
system of concentrated loads provided the sum of the distances a1 is 
not less than a. 


The tables which immediately follow give for beams and channels 
with unsupported webs: 


1. Allowed web resistance fp, in pounds per square inch com- 
puted from this compression formula. 


2. The distance a, or the distance over which the end reaction 
must be distributed when the shearing stress, V, in the web is the 
maximum allowable of 10,000 pounds per square inch. 


3. The allowable end reaction (R) when a is taken at 314” 
which is the usual length of beam actually resting on the 4” angles 
ordinarily used in building construction for beam seats. 


4. The allowable shear V, on the gross area of beam or channel 
webs at 10,000 pounds per square inch. 


In addition to these data-which have to do with the maximum 
loads on beams and channels as computed from the web resistance, 
these tables also give the maximum bending moments in foot 
pounds, obtained by the multiplication of the section modulus of 
each section by the allowed fiber stress of 16,000 pounds and the 
division of the product by 12 in order to reduce to a foot pound 
basis. These maximum bending moments may be used on inspec- 
tion instead of the table of properties to ascertain the proper size 
section to be used in any particular instance. 
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EXAMPLES OF THE Use oF Bram Sarr LoAp TABLES 


Example 1. Direct Bending. Required the proper size of a beam laterally 
braced to support a superimposed or net load of 30,000 pounds uniformly 
distributed over a clear span of 20 feet. 


From the table of safe loads, page 201, it is found that a 15 inch 42.9 pound 
beam will support a gross load of 31,400 pounds. The weight of a beam 20 
feet long is 858 pounds. The net safe load is, therefore, 31,400 —858=30,542 
pounds. A 15 inch 42.9 pound beam will, therefore, carry the net load specified. 


Example 2. Shear. Required the maximum load which a 20 inch 85 
pound beam can support without exceeding the safe web resistance of the 
section. 

From the table, page 200, the maximum load for this section given in small | 
figures above the upper zigzag line is found to be 265,200 pounds. 

Example 3. Vertical Deflection. Required the proper size and the 
deflection of a channel supporting a net load of 10,000 pounds concentrated in 
the middle of a 14-foot span, assuming that the channel is braced against 
lateral deflection. 

The specified load is equivalent on the given span to a uniformly distributed 
load of 2 x 10,000—20,000 pounds. 

In the table, page 209, it is found that a 12 inch 30 pound channel will 
support a gross load of 20,500 pounds or a net load of 20,500—14 x 30=20,080 
pounds. The net safe load concentrated at the middle of the span will be 
one-half this or 10,040 pounds. 


The deflection produced by a uniformly distributed load of 20,500 pounds 
is found from the coefficient given in the same table and page 190 to 


be 3:24 = 0.270". The deflection for the specified load concentrated in the 


middle of the span is approximately 0.270 = 4 = 0.216". 


See page 184. 
Example 4. Vertical Deflection. Required the deflection of a riveted 
girder 37 inches deep for a span of 35 feet and a fiber stress of 14,000 pounds per 


square inch. 
17.741 


Required deflection, see table, page 190, = Ste 0.4797’. 

Example 5. Vertical Deflection. Required the deflection of an angle 
6x4x%e” about an axis parallel to the short leg for a span of 14 feet anda 
fiber stress of 16,000 pounds. 

. G .244 

Required deflection, see table, pages 190 and 191, is xet6 =1506) =0.401’’. 

Example 6. ‘Vertical Deflection. Required the deflection of a 10 inch 
beam for a span of 18 feet with a fiber stress of 11,000 pounds. 

i i pl 190-and 191,22 O00 = 9.268 0.569" 
Required deflection, see table, pages an /=16.000x 10 —° 3 
Example 7. Lateral Deflection. Required the safe load on a 12 inch 31.8 

pound beam for a span of 16 feet without any lateral support or bracing. 


Tabular load, page 202,—24,000 pounds. 


Length of span _16 x 12 __3¢ 4 
Flange width ie re eee 


Reduced safe load, page 191, 24,000 x 0.468=11,232 pounds. 


Ratio. 


195 


CARNEGIE STEEL COMPANY 


a BEAMS 


Maximum Brnpinc Moments aNnD WEB RESISTANCE 


“Mmax + 
~ Maximum Weight Thickness Allowable | Allowable | Min. | 


Bending per Web Buckling End Reaction 


0} | > 
Moment, Foot Web Shear Resistance | Bearing| a—3l4/’ 


Foot Pounds 
Pounds Pounds Inches | Pounds per Ag. En. Inches Pounds 


| 


292130 90.0 524 141480 10080 20.0 54140 


328390 115.0 737 180000 13460 11.8 | 95880 
320390 110.0 | .675 | 165120 | 12960 12.5 84690 
312390 105.9 625 | 150000 | 12350 13.4 73320 
264400 100.0 747 | 180960 | 13490 11.8 96620 
256560 95.0 686 166320 13000 12.5 85610 
248710 90.0 | .624 | 151440 12410 13.3 74410 
240870 | 85.0 563 136800 11710 14.5 63410 
231920 79.9 -500 120000 10690 =: 16.5 50780 
216670 74.2 476 114240 10260 17.4 46400 


156930 60.4 428 | 89880 10500 14.8 39320 


220750 100.0 .873 176800 15080 | 8.3 113320 
214210 95.0 | .800 162000 14720 8.6 101370 
207680 90.0 -726 147400 14300 9.0 89590 
201140 85.0 653 132600 | 13780 9.5 77630 
195510 81.4 | .600 | 120000 | 13230 | 67460 
169170 75.0 641 129800 | 13660 9.6 75380 
162640 70.0 567 115000 12980 63420 
155930 65.4 -500 / 100000 12080 51320 


186720 90.0 .796 | 145260 15140 : 97730 
180840 85.0 714 130500 14700 : 85260 
174960 80.0 632 115920 14160 : 72940 
169080 75.6 -560 101160 13450 : 60480 
136480 70.0 711 129420 14670 ; 84350 
130590 65.0 | .629 | 114660 14110 5 71890 © 
124710 60.0 547 | 99900 13380 : 59420 
117860 55.0 460 | 82800 12220 44980 
109200 48.2 -380 68400 10800 32830 


122890 75.0 -868 132300 16050 : 102660 
117980 70.0 mA) 117600 15690 4 89160 
113080 65.0 672 102900 15210 : 75650 
108270 60.8 -590 88500 14600 4 62440 
90850 55.0 648 98400 15040 : 71530 
85940 50.0 -550 83700 14340 : 58020 
81040 45.0 452 69000 13350 5 44520 
78530 42.9 -410 61500 12670 : 37660 
72130 37.3 1332 49800 11180 3 26910 
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BEAMS 


Maximum Brenpinc Moments anp WEB RESISTANCES 


Mmax | t V fb a 


Maximum Weight | Thickness} Allowable | Allowable | Min. End 
Bending per Web Buckling End Reaction 
Moment Foot Shear Resistance | Bearing| a—314’’ 


Foot Pound: 
Paunds Pounds Pounds reese. “a Pounds 


71330 55.0 98520 16470 : 87890 
67410 50.0 4 83880 16030 5 72830 
63490 | 45.0 4 | 69120 15390 : 57620 
59770 40.8 c 55200 14480 ; 43300 
50730 35.0 7 52320 | 14230 ; 40330 
47960 31.8 > | 42000 13060 : 29710 
44270 27.9 : 34080 11680 a 21560 


42320 40.0 5 74900 16690 5 75010 
39050 35.0 : 60200 16120 : 58220 
35780 30.0 - 45500 15190 ; 41470 
32560 25.4 : 31000 13410 : 24940 
30270 22.4 : 25200 12130 E ~ 18340 


33120 35.0 65880 16870 5 71010 
30180 30.6 z 51210 16260 , 53200 
27240 25.0 cd 36540 15160 3 35390 
25160 21.8 é 26100 13620 7 22710 


22810 25.5 a 43280 16440 5 48920 
21500 23.0 3 35920 15910 : 39290 
20190 20.5 é 28560 15120 Si 29690 
18960 | 18.4 : 21600 13870 : 20600 
19470 17.5 3 17600 12700 A 15370 


16070 20.0 5 32060 16350 : 39310 
14930 17.5 3 24710 15570 28850 
13800 15.3 17500 14150 : 18580 


11640 17.25 4 28500 16810 3 39930 
10660 14.75 3 21120 16050 j 28250 
9680 12.5 : 13800 14480 : 16650 


8080 14.75 AE 25200 17280 ‘ 41370 
7260 12.25 é 17850 16580. ci 28120 
6450 10.0 ; 10500 14870 é 14830 


4760 10.5 ‘ 16400 17310 J 31940 
4500 9.5 A 13480 16940 : 25690 
4240 8.5 P 10520 16360 3 19360 
3980 Cee ‘ 7600 15360 : 13130 


2590 7.5 9 10830 17560 A 26940 
2390 | 6.5 F 7890 17020 i 19020 
2210 5.7 c 5100 15950 : 11530 
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CHANNELS 


Maximum Brenpina Moments AND WEB RESISTANCES 


Mmax d yl t ve V 
Maximum | Depth Weight | Thickness; Allowable Allowable Min. 
Bending f Web Buckling End 


of 0 
Moment | Channel Foot Web Shear Resistance | Bearing 


wt Inches | Pounds Inches Pounds “In, | Inches | 


76490 55.0 -814 122700 
71590 k . 108000 
66680 : : 93300 
61780 : . 78600 
56880 : - 63900 
55570 : 5 60000 


64360 ! 4 102830 
60110 : A 88140 
55870 . d 73450 
53320 A R 64610 
51620 : : 58760 
48740 : ‘ 48750 


43760 : . 90960 
39840 i | 76320 
35920 : : 61560 
32000 : 5 46800 
28470 5 F 33600 


30800 : 3 82300 
27530 E ; 67600 
24260 : Roy 52900 
20990 is $ 38200 
17840 . F 24000 


20950 : : 55350 
18010 ; : 40680 
15070 : : 25920 
14020 A e 20700 


15920 : : 46560 
14610 : : 39200 
13310 : F 31920 
12000 : 3 24560 
10770 . c 17600 


12640 : ‘i 44310 
11490 3 : 36960 
10350 ¢ : 29610 
9210 5 F 22260 
8030 c : 14700 


8680 
7700 
6720 
5780 
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BEAM SAFE LOADS 


BEAMS 


ALLOWABLE Unirorm Loap In THOUSANDS oF PoUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections 


| 


24 Inch 


100 95: 
Ibs. | Ibs. | 


; Coefficient 
of 
Deflection 


820.2 

320.4 
284.8 
256.3) 


233.0 
5) 218.9 213.6 
|202.1/197.2 
'187.7/183.1 
175.1|170.9 


.9/164.2/160.2 
/154.5 150.8 
146.0 142.4 

138.3 134.9) 

131.4 /128.2 


125.1/122.1 
.1/119.4 
5/114.2 


SW MwWS AwWOwDD 
NROWDS ARARS 


44.8 12.98 
43.3 | 13.92 
41.8) 14.90 


40.5) 15.91 

16.95 
18.03 
19.13 
20.28 


21.45 
22.66 
23.90 
25.18 
26.48 


27.82 
29.20 
| 30.60 
32.04 
33.52 


35.02 
36.56 
38.14 
39.74 
41.38 
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Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 196. 
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BEAMS 


ALLOWABLE Unitrorm Loap 1n THOUSANDS OF PouNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


} 
| 


Depth and Weight of Sections 


— 


20 Inch 


85. | 81.4 
Ibs. 


259.6 
240.0 |225. 


-9/223.4/193. 22 
‘ : -1195.5 155.9 \1 
2190.4) 6 -8173.8150.4144.6 
6171.4 ‘ .9/156.4/135.31130.1) 


.5 155.8 i .3/142.2)123.0) 


Coefficient 
of 
Deflection 


| 9 
8 
8 
7 
7 
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Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 196, 
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BEAMS 


ALLOWABLE Untrorm Loap ry THOUSANDS oF PouNDSs 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections 


18 Inch 15 Inch 


60 54.7 |48.2 60.8 55 
Ibs. | Ibs. | lbs. R . | lbs. | Ibs. 


Coefficient 
of 
Deflection 
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Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 196. 
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BEAMS 


ALLOWABLE UnitrorM Loap IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections 


| 
| 


12 Inch | 10 Inch 


40.8 27.9 || 40 
Ibs. Ibs. | Ibs. 
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Loads above upper horizontal line will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see pages 196 and 197. 
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BEAMS 


ALLOWABLE UnirorM Loap In THOUSANDS oF PouNDS 
Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections 


9 Inch { 8 Inch 7 Inch 


30 25 | 25.5 23 20.5 | 18.4 i 20 | 17.5 
Ibs. | Ibs. Ibs. | Ibs. | Ibs. | lbs. 


Coefficient of 
Deflection 
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Depth and Weight of Sections 


5 Inch | 4 Inch 


14.75 || 12.25 5 | 9.5 | 8.5 
Ibs. ; b . | lbs. | Ibs. 


Coefficient of 
Deflection 
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Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 197. 
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BEAM SAFE LOADS 


MISCELLANEOUS BEAMS 


ALLOWABLE Unirorm Loap In THOUSANDS oF PouNDS 


Maximum Bending Stress, 16,000 pounds per Square Inch 


H BEAMS 


| 


Depth and Weight of Sections Coefficients 


] 0) 
8 Inch 6 Inch } 5 Inch 4 Inch Deflection 
| 34.3 Pounds | 24.1 Pounds _ 18.9 Pounds | 13.8 Pounds 
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| Depth and Weight of Sections 


Span Coefficients 


of 
is | 6.5 Inch ; 5.5 Inch 4.25 Inch 3 Inch Deflection 
Feet | 27.8 Pounds | 24. | 20.0 Pounds | 14.5 Pounds | 9.5 Pounds 
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Loads above upper horizontal lines will produce maximum allowable shear in webs. . 
Loads below lower horizontal lines will produce excessive deflections, 
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CARNEGIE STEEL COMPANY 


CHANNELS 


ALLOWABLE UnrirorM Loap IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections | Ss g 
he 15 Inch | 13 Inch |.23 
Feet | 55 | 50 | 45 | 40 | 3 33.9 | 50 | 45 | 40 37 | 35 | 318 ee 

Ibs.’| lbs. | lbs. | Ibs. | Ibs Ibs. || Ibs. | Ibs. | Ibs. | “Ibs. Ibs. | Ibs. | O 
5 } | / 
245.4 | 216.0 | 186.6 | 205.7 | 176.3 | | 
3 |204.0190.9)177.8) 157.2 | 127.8 | 120.0 /171.6)160.3) 146.9 | 129.2 | 117.5 |_ 97.5 | 0.15 
4 /153.0143.2)133.4123.6)113.8)111.1/128.7)120.2)111.7 106.6 103.2) 97.5 | 0.27 
5 |122.4/114.5/106.7) 98.9) 91.0) 88.9/103.0 96.2) 89.4) pas 82.6) 78.0 | 0.41 
6 |102.0| 95.4] 88.9| 82.4] 75.8] 74.1) 85.8} 80.2) 74.5| 71.1) 68.8| 65.0| 0.60 
v6 87.4| 81.8] 76.2) 70.6) 65.0} 63.5 73.6) 68.7 63.8) 60.9) 59.0) 55.7 | 0.81 
8 76.5) 71.6) 66.7} 61.8) 56.9) 55.6) 64.4! 60.1) 55.9) 53.3) 51.6) 48.7 | 1.06 
9 68.0} 63.6} 59.3) 54.9) 50.6] 49.4) 57.2) 53.4) 49.7) 47.4) 45.9| 43.3) 1.34 
10 61.2) 57.3) 53.3) 49.4) 45.5) 44.5] 51.5) 48.1) 44.7] 42.7) 41.3} 39.0) 1.66 
11 55.6) 52.1) 48,5) 44.9) 41.4 40.4) 46.8 43.7, 40.6) 38.8| 37.5) 35.4| 2.00 
12 51.0) 47.7) 44.5} 41.2) 37.9) 37.0] 42.9) 40.1) 37.2) 35.5) 34.4) 32.5] 2.38 
13 47.1) 44.1) 41.0) 38.0) 35.0) 34.2) 39.6) 37.0) 34.4) 32.8| 31.8] 30.0] 2.80 
14 | 43.7) 40.9) 38.1) 35.3) 32.5) 31.8) 36.8) 34.4) 31.9) 30.5) 29.5) 27.9} 3.24 
15 40.8) 38.2} 35.6) 33.0} 30.3) 29.6] 34.3) 32.1) 29.8) 28.4] 27.5) 26.0| 3.72 
16 38.2) 35.8 33.3) 30.9) 28.4 27.8) 32.2| 30.1, 27.9) 26.7| 25.8) 24.4| 4.24 
ve 36.0) 33.7} 31.4) 29.1) 26.8) 26.1) 30.3) 28.3) 26.3) 25.1} 24.3) 22.9] 4.78 
18 34.0) 31.8) 29.6) 27.5) 25.3) 24.7) 28.6) 26.7) 24.8) 23.7) 22.9) 21.7| 5.36 
19 32.2) 30.1) 28.1) 26.0) 23.9) 23.4) 27.1) 25.3) 23.5} 22.4) 21.7) 20.5] 6.98 
20 30.6) 28.6] 26.7) 24.7| 22.8) 22.3] 25.7] 24.0) 22.3) 21.3) 20.6) 19.5] 6.62 
21 29.1) 27.3) 25.4; 23.5) 21.7) 21.2) 24.5] 22.9) 21.3 20.3} 19.7) 18.6| 7.30 
22 27.8) 26.0) 24.3) 22.5) 20.7) 20.2) 23.4) 21.9) 20.3] 19.4) 18.8) 17.7] 8.01 
23 26.6] 24.9] 23.2) 21.5) 19.8) 19.3] 22.4) 20.9) 19.4) 18.5] 18.0) 17.0| 8.76 
| 24 25.5) 23.9] 22.2) 20.6) 19.0) 18.5), 21.5) 20.0) 18.6] 17.8) 17.2) 16.2) 9.53 
25 24.5) 22.9} 21.3) 19.8) 18.2) 17.8) 20.6) 19.2) 17.9] 17.1] 16.5] 15.6 |10.35 
26 23.5) 22.0) 20.5) 19.0) 17.5) 17.1! 19.8) 18.5) 17.2) 16.4] 15.9] 15.0 |11.19 
27 22.7} 21.2) 19.8} 18.3} 16.9} 16.5)" i9-7 | ~“i7.8 | 16-6 | ib.8 |" 16-8 | 14,4 |12.07 
28 | 21.9) 20.5} 19.1) 17.7} 16.3) 15.9] 18.4] 17.2) 160] 15.2] 14.7] 18.9|12.98 
29 21.1) 19.7) 18.4) 17.0) 15.7) 15.3) | | 13.92 
30 20.4; 19.1) 17.8) 16.5) 15.2} 14.8) | 14.90 
31 19.7) 7185) 17.2) 16.9 |" 14.7) i438 15.91 
32 19.1] 17.91 16.7! 15.41 14.21 18.9 16.95 


Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 198; 


208 


BEAM SAFE LOADS 


CHANNELS 


ALLOWABLE UnirormM Loap IN THOUSANDS OF PouUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


| Depth and Weight of Sections | ea 
Spans|=——— | -2 8 
in 12 Inch 10 Inch e's 8 
Feet ee! 
40 35 30 25 20.7 35 30 25 20 15.3 |}O A 
|| Ibs. Ibs. lbs. Ibs. | Ibs.«|! Ibs. | Ibs. Ibs Ibs. lbs. 
181.9 164.6 185.2 | 105.8 
2 |/175.1 | 152.6 | 198.1 | 98.6 123.2/110.1| 97.0 |_ 76.4 | 48.0 0.07 
3 || 116.7/106.2| 95.8 | 85.3 |_67.2 82.1| 73.4| 64.7 | 56.0 | 47.6 || 0.15 
4 87.5| 79.7) 71.8 | 64.0 | 56.9 || 61.6) 55.1) 48.5 | 42.0 ! 35.7 || 0.27 
5 || 70.0) 63.7| 57.5 | 51.2 | 45.5 || 49.3] 44.0) 38.8 | 33.6 | 28.5 || 0.41 
6 58.4| 53.1| 47.9 | 42.7 | 38.0 | 41.1] 36.7) 32.3 | 28.0 | 23.8 || 0.60 
7 50.0) 45.5) 41.1 | 36.6 | 32.5 S0.2) SL.5) 27.7 | 24.0 | 20.4 0.81 
8 43.8} 39.8] 35.9 | 32.0 | 28.5 30.8| 27.5) 24.3 | 21.0 |, 17.8 1.06 
9 || 38.9} 35.4] 31.9 | 28.4 | 25.3 27.4| 24.5! 21.6 | 18.7 | 15.9 1.34 
10 || 35.0; 31.9] 28.7 | 25.6 22.8 || 24.6] 22.0/ 19.4 | 16.8 | 14.3 1.66 
| 
11 31.8} 29.0] 26.1 | 23.3 | 20.7 || 22.4| 20.0) 17.6 | 15.3 | 13.0 |} 2.00 
12 29.2| 26.6] 23.9 | 21.3 | 19.0 || 20.5] 18.4] 16.2 | 14.0 |“11.9 || 2.38 
13 | 26.9) 24°55 622.15) 19:7 3 U5 19.0; 16.9] 14.9 | 12.9 | 11.0 2.80 
14 || 25.0) 22.8) 20.5 | 18.3 | 16.3 17,6) 15.7) £359) 12.0 I 10,2) |" 3.24 
15 2355)) 21.2) 19:2,) 17.1 | 15.2 16.4| 14.7) 12.9 | 11.2 9.5 || 3.72 
16 21.9) 19.9] 18.0 | 16.0 | 14.2 15.4) 13.8) 12.1 | 10.5 8.9 || 4.24 
17 20.6] 18.7] 16.9 | 15.1 | 13.4 14.5| 13.0] 11.4 | 9.9 8.4 || 4.78 
18 19.5| 17.7] 16.0 | 14.2 | 12.7 13.7 | 12:2) 10:8 |) $953 7.9 || 5.36 
19 || 18.4) 16.8] 15.1 | 13.5 | 12.0 13.0} 11.6] 10.2 8.8 7.5 || 5.98 
20 | 17.5] 15.9] 14.4 | 12.8 | 11.4 12.3| 11.0] 9.7 8.4 oil 6.62 
Stall 1Gani) LsoHelsreel 2.2. PLO anomie C5 lee 0.3 a we8s0: alien 6.8 || 7.30 
22 | 15.9| 14.5] 13.1 | 11.6 | 10.4 11:2, | 10.0 8.8 7.6 6.5 || 8.01 
23 P52 a LON ool ed ded: 9.9 8.76 
24 14. Cie l3.3:1) 12:0") 1037. 9.5 | | 9.53 
25 Bau oi 128 Ne tnbea|ietOa) | PeOal” | 10.35 
26 18.5 12.3 11.1 9.8 8.8 111.19 


Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 198. 
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CARNEGIE STEEL COMPANY 


CHANNELS 


ALLOWABLE UNtIFrorRM LoAp IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections 

8 Inch | 7 Inch 
121,25 18.75 {16.25 (13.75| 11.5 19.75 17.25 14.75}12.25| 9.8 | 
Ibs. | Ibs. | Ibs. | Ibs. | lbs. || Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | 
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Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 198. 
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BEAM SAFE LOADS 
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BEAM SAFE LOADS 


EQUAL ANGLES 


ALLOWABLE UNIFORM LOAD IN THOUSANDS OF POUNDS 


Neutral Axis Parallel to Either Leg 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


1 Foot | Maximum Span 1 Foot | Maximum Span 
Span 360x Deflection . . Span | 360 x Deflection 


Safe Safe | Length, | Length, 
Load Load Feet Feet 


22.5 
22.6 
22.7 
22.8 
22.9 |314x3% 
23.0 
23.1 
23.2 
23.2 
23.3 
23.4 


186.99 
177.81 
168.53 
159.15 
149.55 
139.84 
130.03 
120.00 
109.87 

99.63 

89,28 


91.41 
86.51 
81.39 
76.27 
71.04 
65.81 
60.37 
54.83 
49.17 
43,41 
37.65 | 
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61.87 
58.56 
55.15 
51.73 
48.32 
44.80) 
41.17 
37.44 | 
33.60 
29.76 
25.81 
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29.97 | 
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23.36 
21.01 
18.67 
16.21 
13.76 
11.20 


14%x1\% 


ae eS) tet LSS 
NOWNS OPOBNLY WORN 
NNIOHS YORHAIS OBNSH 


14x14 


HwWONaNSO NOW 


OND MoiRw ROWE O HOOBNIN BONRGA ReNHOOH NOtRwwh HNHOOMNNOOR 


SRR RNNNW hs 


Oe ip 
Re RRR RR RR 


ADORPWUNOF WO 


CARNEGIE STEEL COMPANY 


UNEQUAL ANGLES 


Neutral Axis Parallel to Shorter Leg 


ALLOWABLE UNIFORM LOAD IN THOUSANDS OF PouNDSs 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Size, 
‘Inches 


1 Foot 
Span 


Maximum Span 
360x Deflection 


Safe 
Load 


Safe 
Load 


1 Foot 
Span 


Maximum Span 


360x Deflection 


Safe 
Load 


Safe 
Load 


161.17 
152.21 
143.04 
133.87 
124.48 
114.88 
105.28 

95.47 

85.55 

75.41 


146.03 
138.03 
129.92 
121.60 
113.17 
104.58 
95.79 
86.93 
17.97 
68.80 


112.85 
106.67 
100.48 
94.08 
87.68 
81.07 
74.35 
67.52 
60.59 
53.44 
46.19 


85.55 
80.96 
76.27 
71.47 
66.67 
61.65 
56.64 
51.52 
46.19 
40.85 
35.41 


7.49 
7.04 
6.59 
6.14 
5.68 
5.22 
4.76 
4.30 
3.84 
3.37 


7.53 
7.08 
6.63 
6.17 
5.72 
5.23 
4.78 
4.32 
3.86 
3.39 


6.52 
6.13 
5.75 
5.36 
4.97 
4.58 
4.18 
3.77 
3.37 
2.96 
2.54 


5.56 
5.22 
4.89 
4.55 
4,22 
3.88 
3.54 
3.20 
2.85 
2.51 
2.16 


| 83.52 | 


79.04 
74.45 
69.87 
65.07 
60.27 
55.36 
50.35 
45.23 
40.00 
34.67 
29.23 


53.23 
50.03 
46.61 
43.20 
39.79 
36.16 
32.53 
28.80 
24.96 


52.05 
48.85 
45.65 
42.35 
38.93 
35.41 
31.89 
28.16 
24.43 
20.69 


47.47 
44.37 
41.17 
37.87 
34.45 
31.04 
27.52 
23.89 
20.16 


5.57 
5.24 
4.90 
4.57 
4.23 
3.89 
3.55 
3.21 
2.86 
2.52 
2.17 
1.83 


4.00 
3.73 
3.46 
3.19 
2.92 
2.64 
2.36 
2,07 
1.78 


4.04 
3.76 
3.49 
3.21 
2.93 
2.64 
2.36 
2.07 
1.79 


| 


Length, 
Feet 


15.0 
15.1 
15.2 
15.3 
15.4 
15.5 
15.6 
15.7 
15.8 
15.9 
16.0 
16.0 


13.3 
13.4 
13.5 
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BEAM SAFE LOADS 


UNEQUAL ANGLES 


ALLOWABLE UNIFORM LOAD IN THOUSANDS OF POUNDS 
Neutral Axis Parallel to Shorter Leg 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


1 Foot | Maximum Span 1 Foot | Maximum Span 
F Span | 360x Deflection Thick. | Span | 860x Deflection 
Size, Size, 

Inches Inches 


ness, 


Safe Safe | Length, ee ce 
Load Load | Feet 
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CARNEGIE STEEL COMPANY 


UNEQUAL ANGLES 


ALLOWABLE UNIFORM LOAD IN THOUSANDS OF POUNDS 


Neutral Axis Parallel to Longer Leg 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


1 Foot | Maximum Span 1 Foot | Maximum Span 
Span | 360x Deflection F Span | 360x Deflection 


Size, 
Inches 4 
4 Safe Safe Safe Safe | Length, 
} Load Load Load Feet 


95.15 
89.92 
84.69 
79.36 
73.92 
68.37 
62.72 
56.96 
51.09 
45.12 


32.21 
30.40 
| 28.69 
26.88 
25.07 
23.15 
21.33 
19.41 
17.49 
15.57 


31.57 
29.87 
28.16 
26.45 
24.64 
22.83 
21.01 
19.20 
17.28 
15.36 
13.44 


40.43 
38.29 
36.16 
33.92 
31.68 
29.44 
27.09 
24.64 
22.19 
19.73 
17.07 
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BEAM SAFE LOADS 


UNEQUAL ANGLES 


ALLOWABLE UNIFORM LOAD IN THOUSANDS OF PoUNDS 


Neutral Axis Parallel to Longer Leg 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Maximum Span Maximum Span 
360x Deflection . 360x Deflection 
Size, 

Inches 

Length, Length, 


is 


Feet Feet 
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CARNEGIE STEEL COMPANY 


TEES 
ALiOWABLE Unitrorm Loap In THOUSANDS OF PoUNDS 


Neutral Axis Parallel to Flange 
Maximum Bending Stress, 16,000 Pounds per Square Inch 
EQUAL TEES 


{ ; 
Maximum Span| Size Maximum Span 
Weight 360 x Deflection) i S) |360 x Deflection 

per 


| 

Foot, \Flange, | Stem, l 
Pounds Safe |Length,)| Inches | Inches | S Safe Length, 
Load | Feet | Load | Feet 


19.8 2.77 | 19.1 
13.5 1.89 | 11.4 
10.5 1.45 | 11.6 | 
11.7 165 9.9 


2u%| 4.9 37 | 0.69 | 6.3 
24% \41 41 | 0.53 | 6.4 
2 4.3 | 3.31 | 0.59 | 5.6 
2. | 3.56 | 2.77 | 0.49 | 5.7 
9.2 1.27 | 10.0 | 1% | 3.09 | 2.03 | 0.41 | 4.9 
9.9 1.41 | 83 1% | 2.47 | 1.49 | 0.36 |, 4.1 
8.9 1.24] 8.4 1% | 1.94 | 1.17 | 0.27 | 43 
we 1.08 | 8.5 Z| 1% | 2.02 | 1.01 | 0.30 | 3.4 
6.7 0.92 | 8.6 14% | 1.59 | 0.78 | 0.22 | 3.5 
6.4 0.90 | 7.0 || 1 1.25 | 0.49 | 0.18 | 2.7 
O:Zoalacvel 1 0.89 | 0.35 | 0.12 | 2.9 


UNEQUAL TEES 


HENNY d 
RX 


Maximum Span Size Maximum Span 
360 x Deflection) | {Weight 360 x Deflection 
per 
Flange, Foot, 
Safe |Length,| Inches Pounds Safe |Length, 
Load | Feet Load | Feet 


1.25} 9.0 | 3% 10.8 |12.05| 1.42 | 8.5 
1.20] 7.5 | 3% 8.5 | 9.49] 1.09 | 8.7 
2.37 | 9.6 || 3% 7.5 | 9.07| 1.04 | 8.7 
1.07 : 11.7 | 20.69} 1.92 | 10.8 
0.90 : 10.5 |18.35| 1.68 | 10.9 
0.87 ; 9.2 |16.11| 1.47 | 11.0 
0.74 é 10.8 |15.89| 1.66 |: 9.6 
2.40 | 13. 9.7 |14.19| 1.46 | 9.7 
1.84 : 8.5 |12.37| 1.26 | 9.8 
2.15 ' 7.1 | 6.40] 0.89 | 7.2 
1.65 j 6.1 | 5.55| 0.76 | 7.3 
1.08 ‘ 7.1 | 8.96| 1.08 | 8.3 
0.90 : 6.1 | 7.68| 0.91 | 8.4 
0.87 ; Yy | 2.87 | 0.93| 0.25 | 3.7 
0.73 : ; 3.09 | 1.601 0.36 | 4.4 
0.70 ‘ 2.45 | 2.03| 0.37 | 5.5 
0.59 é 1.25 | 0.57| 0.15 | 3.7 


1.90 . 0.88 5 0.07 1.9 
1.46 
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BEAM SAFE LOADS 
en 


ZEES 


ALLOWABLE Unrrorm Loap 1x THousanps or Pounbs 
Neutral Axis Parallel to Flanges 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Size 1 Foot Maximum Span 
Weight Span 360 x Deflection 
Depth, Flanges, | Thickness, | Per Foot, 
Inches Inches Inches Pounds Safe Safe Length, 
Load Load Feet 
i 7 | 
6% 356 7g 34.6 | 174.98 14.18 12.3 
6%46 3%e6 1346 32.0 162.35 13.30 12.2 
6 3% 34 29.4 149.76 12.40 12.1 
646 3% 146 28.1 150.40 12.19 12.3 
6%eo 3%6 % 2514 1 36.0b 11.20 12.2 
6 3% %6 228 123.20 10.20 1251 
61 356 4 PAiletl 119.68 9.70 | 12.3 
6146 3%e6 TA 18.4 104.85 8.59 12 
6 3% 3% 587 90.03 TADS 12.1 
5% 338 1846 28.4 119.47 11.58 10.3 
5146 3%6 34 26.0 110.29 10.82 10.2 
5 3u4 1146 Deed 101.01 10.03 10.1 
51% 336 56 22.6 102.08 9.89 10.3 
546 3%e %e 20.2 91.95 9.02 10.2 
5 34 By 17.9 81.92 8.14 10.1 
“51g 3% he 16.4 79.36 7.69 10.3 
546 3%6 38 14.0 68.16 6.69 10.2 
5 314 Ae 11.6 56.96 5.66 10.1 
Alp 3%e6 84 23.0 77.44 9.32 8.3 
446 3 1146 20.9 70.93 8.67 S22 
4 346 56 18.9 64.53 8.01 8.1 
414 3%46 %e 18.0 65.92 7.93 8.3 
4M%6 31% Y% 15.9 58.67 7.17 8.2 
4 346 Ae 13.8 51.52 6.40 8.1 
4 3%4e6 38 12.5 49.81 6.00 8.3 
4146 3% Ae 10.3 41.71 5.10 8.2 
4 346 vA 8.2 33.49 4.16 8.1 
3%6 254 %e 14.3 36.59 5.93 6.2 
3 21146 Vs 12.6 32.64 5.40 6.1 
346 284 Ae Tas 31.79 5.15 6.2 
3 2146 36 9.8 27.41 4.54 6.1 
36 284 he 8.5 25.39 4.12 6.2 
3 2114 ¢ “% 6.7 20.48 3.39 6.1 
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CARNEGIE STEEL COMPANY 


STANDARD GAGES AND DIMENSIONS FOR BEAMS 


Nominal dimensions are:—flange width and ‘‘o”’ in eighths, web thickness 
in sixteenths. Gages for connection angles are determined by 4 web thickness. 
Standard gages may be varied if conditions require. 


Weight | pange |Web |34 Web| Ga, 
ge A Y ge 

per . Thick- | Thick- 

Foot | Width ness ness g 


Distance 
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STRUCTURAL DETAILS 


STANDARD GAGES AND DIMENSIONS FOR BEAMS 


Nominal dimensions are:—flange width and “‘o”’ in eighths, web thickness 
in sixteenths. Gages for connection angles are determined by 4% web thickness. 
Standard gages may be varied if conditions require. 


Depth | Weight Web |% Web . Dist: ae : 
of ange | Thick. | “Thick- | C2 | Grip sia as Memes Pe Seer 
Beam | Foot ness ness Flange 


yy Th. Lbs. : Tn. : ; h , i a In. 


1%4.6 6 p 
46 54 Wy y % 
%o af cS 
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CARNEGIE STEEL COMPANY 


STANDARD GAGES AND DIMENSIONS FOR CHANNELS 


Nominal dimensions are:—flange width and ‘“‘o”’ in eighths, web thickness 
in sixteenths. . Gages for connection angles are determined by web thickness. 

Standard gages may be varied if conditions require. 

Gages for channels in riveted channel columns are given on pages 277 to 287 


Whee | ick Gage i Distance 


Channel 


as 1 
Bora Saas 
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STRUCTURAL DETAILS 


CONNECTIONS 


218 4"x 4" Wx 1.8%" 214'x 4"x "x oy" 
Weight 46 lbs. - Weight 39 lbs. 


20 e185 6 bon 


215 4"« 4"x 14"x 1.214" 215 4"% 4"x tho’x 0-114" 
Weight 33 lbs. Weight 23 lbs. 
10/ 35 S7 


wu ” 
2%) 2% 
ree aie 


215 4"« 4’x Ho’x 0/816" 2186"x 4"x 36x 01514" 
Weight 17 lbs. Weight 13 lbs. 
7 is 6, 5” 4; 37 


7 yoy,” ” ” 
a ee ii (pom ERMA 


(oo) 


2156’ 4"x %4"x 043” 2186’ 4x 96’x 0-2” 
Weight 7 lbs. Weight 5 lbs. 


Rivets and bolts 34’’ diameter. 
Weights given are for 34-inch shop rivets and angle connections; about 20 per cent should 
be added for field rivets or bolts. 


CARNEGIE STEEL COMPANY 
BEAM CONNECTIONS—Concluded 


Lim1tING VALUES OF BEAM CONNECTIONS 


Values of Outstanding Legs of Ciscniantiaah Angles 


Connection Field Hives Field Bolts 


Shop Rivets |34’” Rivets or} Minimum 34" Minimum 

, Pounds] ia Enclosed /Turned Bolts,) Allowable t, |RoughBolts,| Allowable t, 
Inches} per >| Bearing, | Single Shear, Span in Feet, In. | Single Shear, |Spanin Feet, | In. 
Foot Pounds Pounds |Uniform Load Pounds ’|Uniform Load | | 


90.0 82530 61900 18.9 i: 49500 23.6 


79.9 | 67500 53000 17.5 % | 42400 | 21.9 
74.2 | 64260 53000 16.4 58 | 42400 20.4 


60.4 48150 44200 14.2 58 | 35300 17.8 
65.4 45000 35300 17.6 56 28300 


54.7 41400 35300 13.3 Be) 28300 
48.2 34200 35300 12.8 28300 


42.9 36900 | 35300 ; % | 28300 
37.3 29880 35300 i f 28300 


31.8 23600 26500 : %e | 21200 
27.9 19170 26500 ; | 21200 


25.4 27900 17700 : 56 | 14100 
22.4 22680 17700 5 5G 14100 


21.8 26100 17700 ' s | 14100 


18.4 24300 17700 14100 
Liz .5 19800 17700 14100 


15.3 | 11300 8800 7100 
12.5 | 10400 8800 7100 
10.0 9500 8800 7100 
7.7.| 8600 8s00 ¥ 9 7100 
5.7 7700 8800 ‘3 f 7100 


_ 


SO OH TH 
o~ @ o> oO 
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ALLOWABLE UniT Stress IN Pounps PER SQuaRE INCH 


Shop 12000 Rivets—enclosed.......Shop 30000 


Single! p:, ; _ _|Rivets—one side.......Shop 24000 
Sheed) eee ane Tataed Bolte: . Bild, LOO00) Beatin ch. irae Holla Hilde 20000 


Rough Bolts eae Rough Bolts Field 16000 


t= Web thickness, in bearing, to develop max. allowable reactions, when beams frame opposite. 
Connections are figured for bearing and shear (no moment considered). 
The above values agree with tests made on beams under ordinary conditions of use. 


Where web is enclosed between connection angles (enclosed bearing), values are greater because 
of the increased efficiency due to friction and grip. 


Specia] connections shall be used when any of the limiting conditions given above are exceeded— 


such as end reaction from loaded beam being greater than value of connection; shorter span with 
beam fully loaded; or a less thickness of web when maximum allowable reactions are used. 
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STRUCTURAL DETAILS 


BEAM SEPARATORS 


AMERICAN BRIDGE COMPANY STANDARD 


Separator 34’ Bolts 


Dimensions 


ight 


© | Increase in Wei 


bo 
or 


Diagrams 


Length, Inches 


Depth, Inches 
Increase in Weight 


Center to Center 
of Beams, Inches 
Out to Out 
of Flanges, Inches 
Weight, Pounds 
for 1’’ Add. Width 
for 1’’ Add. Length 


115-110-105,9 


100 
95 and 90 


0000 00 
SS 


+ 
1 
3 


100 and 95 
90 
85 and 81.4 


RAK 


N ©00CO NNINI SINICO COCO 
h-----------~ 


70 and 65 
60 


‘ 
Naja as es terse 


54.7 


15 
70 and 65 
60.8 
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55 
50 and 45 
42.9 


55 
50 


SAK RAK 


SRK PRK AK AK 


Pe PR BBR oroloror ~as1900] 000 ce) 


m 
X 
BO NWN NNN NOS OOO bitty) 000 Oy Hib Bb Hex. Head and Nut 


45 
40.8 and 35 
31.8 


[wee NNW NNN WWW WWE CoOL CoDIG cOwWES weseeo co] Weight, Pounds 
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= 
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RAK 
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SB SS Oars aes 
KK 


23 
20.5 and 18.4 


20 
17.5 
15.3 


17.25 
14.75 
12.5 4 


For 5’’, 4’” and 3’” beams, use 1’’ gas pipe 314’’, 3’ and 234’ long respectively. 
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CARNEGIE STEEL COMPANY 


TIE RODS AND ANCHORS 


AMERICAN BRIDGE COMPANY STANDARD 


2¥% ‘to 14 w ‘to 14’ 


ext ce. to c. of 
beams. 


34 INCH TIE RODS 


Lenatus AND WeIGHTS ror Various Distances C. To C. or Beams 


‘Weights include two Nuts 


Weight. c. to C, |Length| Weight C. to c [Xanges Weight C4 to C] Length| [Weight 
. |Pounds Ft. -In. ‘Pounds, Ft.-In. | Ft. -In. ‘Pounds | Ft.-In. | | Ft.-In. Pounds 


\ | 
1=97 |) 20 
2-9 | 3-0 
3-9 | 40 
4-9 | 5-0 | 
5-9 | 6-0 
6-9 | 7-0 
7-9 | 8-0 
8-9 | 9-0 | 


1 
w 


2.30 
3.80 
5.30 
6.80 
8.30 
9.80 
11.30 
12.80 


‘ 
oO 


2-6 
3-6 
4-6 
5-6 
6-6 
7-6 
8-6 


do do 08 do 09 9 Oo 


1-6 | 
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ANCHORS 
Swepen Bour GOVERNMENT ANCHOR 


(e) 0 O 


ae includes Nut 


“Diatdier Length | Weight 


Inches Feet-Inches Pounds 


| 
| 
| 
| 
| 


| 
Li 


34” Rod 1’ 9” long. Wt., 3 Ibs. 


ANGLE ANCHOR 


SI] 
SQQAAGY 
VIR 


Lo! 


6"x 36% 6” 
Plates 


1 Notiess than 3 


When center to center of anchors is less than 2 Angles 6” x 4” x74,” x 0’ 214” 
width of washer, use washer with two holes. Weight with 34” bolts, 7 lbs. 
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STRUCTURAL DETAILS 


BEARING PLATES 


The size and thickness of steel bearing plates depend on the end 
reaction, length of bearing, and unit pressure. The following table 
gives sizes for beams of usual spans, the allowable safe loadsin thousands 
of pounds and the span of beams giving equivalent end reactions. 


STANDARD Bearing PLATES 


Bearing Plate 
. 


. Max. 
Size, | Wt., 
ite ei Safe 


8: ) Toad 


Bearing Plate 


- Max. 
ne | Safe 
° "| Load 


Wall Bearing, 
Inches 


16x16x1 48.8 
16x16x1 37.9 
16x16x1 44.0 
16x16x1 35.0 
16x16x 1 34.1 
16x16x 1 34,1 
16x12x1 24.4 5 
12x12x34 20.6 4x4x34) 2 

Allowable loads given for standard béeems will apply also to mipplemonters 
and other beams of equal depth and end reactions. 


Plates of special sizes may be taken from the table of*projection 
coefficients given below, calculated from the following formula. Let 
A =length of bearing plate, in inches. 

B =width of bearing plate, in inches. 
t =thickness of bearing plate, in inches. 
b =—flange width of beam, in inches. 
R =reaction on bearing plate, in pounds. 
w =R-~AXxB, allowable unit pressure on masonry. 
—i 


12x8x34 


= 


7a 
NOSNAD Os 
NONOBNNH 


DWBA 


BB 00 00 0000 


ren 
w 


, or when f=—16000, 


, the same as the formula for rolled steel slabs, page 245. 


Ruue:—Take from table on following page the proper size bearing plate 
for the reaction and unit pressure. Multiply the width of the plate by the 
width minus the’ width of the beam flange and select from the table below 
the thickness corresponding to the value for the given unit pressure. 


PROJECTION COEFFICIENTS 


Thickness of Bearing Plates, in Inches 
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aS 
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CARNEGIE STEEL COMPANY 


BEARING PLATES 


Sarge RESISTANCE IN THOUSANDS OF POUNDS 


Wall Pressure in Pounds per Square Inch 


Bear- 
ing, |Length| Width, 


| | | 
Inches} Inches| Inches 150 200 | 250 | 300 | 
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5.6) 
8.4] 
11.2) 


12.6 
16.8 
21.0 


22.4 
28.0 
33.6 


35.0 
42.0 
49.0 


50.4 
58.8 
67.2 


68.6 
78.4 
88.2 
98.0 


89.6 
100.8 
112.0 
123.2 


113.4 
126.0 
138.6 
151.2 


140.0 
154.0 
168.0 
182.0 


169.4 
184.8 
200.2 
215.6 


201.6 
218.4 
235.2 


6.4 
9.6 
12.8 


14.4 
19.2 
24.0 


25.6 
32.0 
38.4 


40.0 
48.0 
56.0 


57.6 
67.2 
76.8 


78.4 
89.6 
100.8 
112.0 


102.4 
115.2 
128.0 
140.8 


129.6 
144.0 
158.4 
172.8 


160.0 
176.0 
192.0 
208.0 


193.6 
211.2 
228.8 
246.4 


230.4 
249.6 
268.8 


252.0 


288.0 


STRUCTURAL DETAILS 


DETAILS FOR PUNCHING AND RIVETING 
AMERICAN BRIDGE COMPANY STANDARD 


CONVENTIONAL SIGNS FOR RIVETING 


Shop Rivets | Field Rivets Shop Rivets 


Countersunk Countersunk Countersunk but FI Pagel 
to V4! high to 8 high 
/o'and 5, 5A! Rivets|3/" gin! Rivets 


fepeoned 


and chipped and chipped 


n 
uv 
ae 
i] 
a 
[oJ 
a 


GAGES FOR ANGLES, INCHES 


Leg | 8|7/| 6 | 5 | 4 [3%] 3 [234] 2 [134\134/136|1¥4 

gl 444) 4 [3%4) 8 [214] 2 |137|1341114) 1 | 7%) 7) 

g2 3 |214\214) 2 

g3 3 | 3 |214)134) | 

; eee 

Max. rivet |1¥4/ 1 | 44 | 74| 14 | %| % | 34| 4) 4 | | 28 | | 4 | 4 
For column details, 6’’ leg (1% inch thick or less) against column shaft, g2 == 1384/7, g3 =: 3’’. 
For diagonal angles, etc., gage in middle, where riveted leg equals or exceeds 3’’ for 34’’ rivets 


814” for 74” rivets. 
Use special gages to adapt work to multiple punch, or to secure desirable details. 


—igel gs 


| CLEARANCE FOR RIVETS IN STANDARD 
WEB RIVETING CRIMPED ANGLES RIVET DIES 


Distance x should be 114” plus thickness 
of chord angles, but never less than 2’’. 


CLEARANCE FOR COVER PLATE RIVETING 
Dimensions in Inches 


14| 2 |2%/ 3./3%)| 4 |4% 5% 
2 V5) 256 | 294 | 254 | 2% | 276 
] 1 |/14%| 2 |2% 
layla i2x%| 2 11341 0 
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CARNEGIE STEEL COMPANY 


RIVET SPACING 


AMERICAN BRIDGE COMPANY STANDARD 


MINIMUM STAGGER FOR RIVETS 


Diameter of | 


Rivet, Inches 


Minimum stagger, d, inches 


e = = 


¢, inches 


“146 [1%46| 144 |1546| 136 |1%46| 146] 1%o| 156 [17146 1%4 11546] 1% 11546240) 2% He 


1% 


eae Ga a a 
146] % | 40 Mel | He [0 te co | | | 
14 |I%4el% [Ie | 1% % |%) He % 0 | | Sad | 
1% |i%ol% |I546 14 [Me [146 1 | 146) 1346) 56 THe 0 \ ial 
H%e1% [MeN [he [Me [Hho I Ste Hie OL | 0 | 
Wie litKtsHall [1946f1%4 1144015 lime 49% [1%40) 154 |1 | 2%9l 0 


DISTANCE CENTER TO CENTER OF STAGGERED RIVETS 
Values of x for varying values of a and b 


| 
a, Inches 


| %}\ 1 | 1% 19% | 1% | 158 | 1% 14 2% | 236 |-2%5 


l%eo |1% (%e 1% [1% 34, 

1%6 |15s |e 1% |11%6 2184 
156 {114 61% 1154 o\2 2% 

184 |11%46ll% 2 2% 1546 
1% \1%% [2 246 \2%46 
1154 62 2146 2346 y 346 
246 i beh pie ; B BY 
2846 1244 2546 286 2Ae ' lg [3346 


2546 2546 [236 2%he \216 |256 314 
26 Whe [244 2%e b5% 21146 5 334 
26 2% 6 256 [21446284 [21846 37A6 


256 bird, |21% 62% [21546 : 3%e 


Values below and to right of upper zigzag line are large enough for 34’ rivets. 
Values below and to right of lower zigzag line are large enough for 7%’ rivets. 


MINIMUM RIVET SPACING 


oxy 


Dia. of Rivet, Inches| 14 | 34 | 14 | 84 | 84 | %|1 11% 
x, Minimum, Inches.) 1 |114)184| 2 |214|254| 3 [383% 
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STRUCTURAL DETAILS 


REDUCTION: OF AREA FOR RIVET HOLES 
Area in Square Inches=Diameter of Hole by Thickness of Metal 


Thicenees Diameter of Hole in Inches 


of Metal, | - : 
Inches p %e | § 1%46 | %% Ye 


eo O57) GOSS e SUM 6 ; PAR He ; : -20 
Ye SOG Neda ee bells 8 Olen . 5 27 


Ae SOS Mi LGaesLS hee 5 : F45))) 3 : : -33 
5% PORTS oS) 9 (p24 a 2 F EO) abo - 2 -40 
Te oLE, | 322) 20 e| 2 5 4 36] . + : -46 
Y% wl! Iron eames! |". : : sal vs 0 -50} .53 


eo op cal et Ss im fs 5 : 46) . 5 -56} .60 
56 sLOW 3b 235. |. ‘ . 7O.4iee “ -63| .66 
1446 | .17 | .34 | .39] . : é 20") es : AGEN oi} 
84 -19 | .88 | .42 |. - 4 -61 - 5 .75| .80 


1%, | .20 | .41 | 46]. , ; S66)le:. ; 81] .86 
Tis | 22 || 44 | 490) . ; i kK F : .88| .93 
S54 gh 23. || 47) .53 |. : 4 : : : .94| 1.00 
1 | 25 | .50'| .56 |. : ‘ : F : 1.00 1.06 


Te .27 | .53 | .60 | .6 A 4 A Z 1.00 | 1.06 | 1.13 
1% .28 | .56 |] .63 | . : e . : 1.05 | 1.13) 1.20 
1%46 SOUPS Oe I) : 86 A 1.04} 1.11] 1.19] 1.26 
1% ZS Lele. OSailieicO9) <2 3 3 J 1.09 | 1.17} 1.25 | 1.33 


146 .33 | .66 | .74] . : $ i 1.15 | 1.23 | 1.31 | 1.39 
1% OA OOM. dads ol te “ 1.03 | 1. 1.20 | 1.29 | 1.38) 1.46 
lh/c GO| eld rail eA lee é 1.08 | 1. 1.26 | 1.35 | 1.44] 1.53 
1% 38 |.75 |) .84)]. 1.03 | 1.13] 1. 1.31] 1.41] 1.50] 1.59 


STAGGER OF RIVETS TO MAINTAIN NET SECTION 


AMERICAN BRIDGE COMPANY STANDARD 


1 Hole Out 2 Holes Out Dimensions in Inches 


34'" Rl! BA" 
Rivet 


1 

a8 

y=diameter of rivet + 4%” 2% 
3 


a-y= a2+ b2-2y al—2y= a2 +b2-3y Ae | 


b=12ayt+ y? 


a=sum of gages minus thickness of angle. : 
ee rivets, can be taken at 14” less than for 34”’ rivets. 
1” rivets, can be taken at 4%” more than for 7%” rivets. 
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~ CARNEGIE STEEL COMPANY 


STRESSES IN RIVETS AND PINS 


Rivets. In transmitting stresses between riveted pieces, it is 
customary to disregard friction and to proportion rivets to the entire 
stress to be transmitted. They must be of sufficient size and number 
to resist shear and to afford such bearing area as not to cause distor- 
tion of the metal at the rivet holes. In the case of beams which frame 
opposite and of single web girders, this latter condition often necessi- 
tates a greater thickness of web than required by the shearing stresses. 
In a plate girder with 46” web, 34” rivets connecting the web with 
the flange angles would have a bearing value at 24,000 pounds unit 
stress of 5,630 pounds per rivet, while their value in double shear at 
12,000 pounds unit stress is 10,600 pounds per rivet; and it might be 
necessary to increase the web thickness to 34’’ or’more in order that 
the pressure of the rivets upon the metal be not excessive. 


Pins. Pins must be calculated for shearing, bending and bearing 
stresses, but one of the latter two will in most cases determine the 
size. When groups of bars are connected to the same pin, as in the 
lower chord of truss bridges, the size of the bars must be so chosen 
and the bars so placed that at no point on the pin will there be any 
excessive bending stress. When the size of pin has been determined 
from the bending stress, the thickness of the bars or web of the post 


should be investigated to provide sufficient bearing area, the bars 
being thickened or pin plates added if necessary. 


The following is the formula for flexure applied to pins: 
M= f w d3 + 32 or =f Ad ~+ 8, in which M moment of forces 
for any section through pin, f=fiber stress per square inch in 
bending, A=the area of section, d=diameter, 7m =3.14159. The 
forces are assumed to act in a plane passing through the axis of the 


Examp.Le 1.—A pin, see figure, has to carry a load of 
64,000 pounds; required the size at 24,000 pounds fiber 
stress, assuming the distance between points of support 
to be 5 inches. 


Bending moment=—64,000 x 5 + 4=80,000 inch pounds; 
use a 34 inch pin; allowed moment: 80,900 inch pounds. 


Exampie 2.—Required the thickness of metal in the 
top chord of a bridge to give sufficient bearing area to a 
38%-inch pin, having to transmit a stress of 121,400 pounds 
at an allowed bearing pressure of 24,000 pounds per square 
inch. 

The bearing value of a 33-inch pin for 1 inch thickness 
of metal is 81,000 pounds; therefore, the thickness of metal 
required—121,400 + 81,000=14% inch, or each web of the 
chord must be 34 inch thick, including pin plates. 


RIVETS AND PINS 


RIVETS 
SHEARING AND BEARING VALUES 


Values in Pounds, all Dimensions in Inches 


36-INCH RIVETS—Area .1104 Square Inch 


Unit, Lbs. per Sq. In. 7000 8000 9000 10000 
Single Shear per Rivet 770 880 990 1100 
Double Shear per Rivet 1540 1760 1980 2200 


5 
Unit, Lbs. per Sq. In. 


Thickness in Inches 


Yw-INCH RIVETS—Area .1963 Square Inch 


—— 


Unit, Lbs. per Sq. In. g000 | 9000 | 10000 
Single Shear per Rivet 1570 1770 1960 
Double Shear per Rivet 3140 3530 3930 
Matis pe Basins} 1 16000 | 18000 | 20000. 


Thickness in Inches 


5g-INCH RIVETS—Area .3068 Square Inch 


Unit, Lbs. per Sq. In. 7000 8000 9000 10000 
Single Shear per Rivet 2150 2450 2760 3070 
Double Shear per Rivet} 4300 4910 5520 6140 
Unit, Lbs. per Sq. In.| 14000 | 16000 | 18000 | 20000 


1640 1880 2110 2340 


Thickness in Inches 


CARNEGIE STEEL COMPANY 


RIVETS 
SHEARING AND BEARING VALUES 


Values in Pounds, Dimensions in Inches 


34-INCH RIVETS—Area .4418 Square Inch 


Unit, Lbs. per Sq. In 7000 8000 9000 | 10000 | 12000 

Single Shear per Rivet ( 3980 4420 5300 
Double Shear per Rivet 10600 
Unit, Lbs. per Sq. In. 


Thickness in Inches 


7R-INCH RIVETS—Area .6013 Square Inch 


Unit, Lbs. per Sq. In. | 7000 8000 9000 | 10000 
SingleShear per Rivet| 4210 4810 5410 | 6010 

Double Shear per Rivet 
Unit, Lbs. per Sq. In. 


Thickness in Inches 


-7854 Square Inch 


Unit, Lbs. per Sq. In. 9000 | 10000 
Single Shear per Rivet 7070 7850 
Double Shear per Rivet [ 14140 15710 


~ | Unit, Lbs. per Sq. In. 


Thickness in Inches 


Vues.above upper dotted lines are less than single shear. 
Values blow lower dotted lines are greater than double shear. 
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RIVETS AND PINS 


PINS 
BEARING VALUES IN Pounps on Merat One Inco TuicKx 


Bearing Value—Diameter of Pin x Bearing Stress per Square Inch 


Bearing Stresses in Pounds per Square Inch 


| I 
Diameter, Area, | 
Aeahas Sq. In. | 15000 | 20000 22000 24000 


| 

785 | | 15000 | 20000 22000 24000 
1.227 | 18800 25000 27500 30000 
1.767 22500 30000 33000 36000 
2.405 | 26300 35000 38500 42000 


MX 


3.142 | 30000 40000 44000 48000 
3.976 33800 45000 49500 54000 
4.909 37500 50000 55000 60000 
5.940 41300 55000 60500 66000 


MX 


7.069 45000 | 60000 66000 72000 
8.296 48800 65000 78000 
9.621 52500 | 70000 84000 
11.045 | 56300 75000 90000 


12.566 60000 80000 «| 96000 
14.186 63800 | 85000 102000 
15.904 | 67500 90000 108000 
17.721 71300 | 95000 104500 114000 


19.635 75000 100000 110000 120000 
21.648 | 78800 105000 115500 126000 
23.758 82500 — 110000 121000 132000 
25.967 86300 115000 126500 138000 


PPR R WWWW WNNND Hee 
ALAN 


ISRSAG 


PRESS 


28.274 90000 120000 132000 144000 
30.680 | 93800 125000 137500 150000 
33.183 | 97500 130000 143000 156000 
35.785 | | 101300 135000 148500 162000 


38.485 | | 105000 140000 154000 168000 
41.282 | 108800 145000 159500 174000 
44.179 112500 150000 165000 180000 
47.173 116300 155000 170500 186000 


PEAS 


50.265 120000 160000 176000 192000 
53.456 123800 165000 181500 198000 
56.745 127500 170000 187000 204000 
60.132 | 105000 131300 175000 192500 210000 


63.617 108000 | 135000 180000 198000 216000 
67.201 111000 | 138800 185000 203500 222000 
70.882 114000 | 142500 | 190000 209000 228000 
74.662 117000 | 146300 195000 214500 234000 


78.540 120000 | 150000 | 200000 220000 240000 
82.516 123000 153800 205000 225500 246000 
86.590 126000 157500 210000 231000 252000 
90.763 | 129000 161300 215000 236500 258000 


95.033 132000 165000 | 220000 242000 264000 
99.402 135000 168800 225000 247500 270000 
103.869 138000 172500 230000 253000 276000 
108.434 | 141000 176300 235000 258500 282000 
113.097 144000 | 180000 240000 264000 288000 


MX 


MAX 


5 
5 
5 
5 
6 
6 
6 
6 
7 
Ch 
% 
if 
8 
8 
8 
8 
9 
8) 
S 
9 
10 
10 


AS 
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CARNEGIE STEEL COMPANY 


PINS 
Benpinc Moments 1n Inco Pounps 


Bending Moment=—(Diameter of Pin)? x 0.098175 x Stress per Square Inch 


Fiber Stress in Pounds per Square Inch 


Diameter, | Area, | 18000 22000 | 22500 | 24000 | 25000 
Inches Sq. In. 


785 1800 | 2200 2200 2400) 2500 
1.227 3500 4300 4600 
1.767 é 6000 7500 8000 
2.405 9500 | 11800; 12600 


ANAK 


3.142 14100 | 17700) 18800 
3.976 20100 25200| 26800 
4.909 27600 34500| 36800 38: 
5.940 36800 45900) 49000| 51000 


ERE 


7.069 47700 | 59600) 63600) 66300 
8.296 60700 7 | 75800) 80900) 84300 
9.621 75800 92600) 94700) 101000) 105200 
11.045 93200; 103500) 113900, 116500) 124300) 129400 


MAXX 


12.566 113100) 125700) 138200) 141400) 150800) 157100 
14,186 135700} 150700} 165800) 169600| 180900) 188400 
15.904 161000; 178900} 196800; 201300) 214700) 223700 
17.721 | 157800} 189400) 210400| 231500! 236700) 252500) 263000 


PR WWWHWH NNNN HPRRe 


ESRSS 


19.635 | 184100} 220900) 245400; 270000) 276100) 294500) 306800 
21.648 | 213100) 255700) 284100, 312500 319600) 340900) 355200 
23.758 | 245000} 294000) 326700) 359300) 367500) 392000) 408300 
25.967 | 280000} 336000) 373300 410600) 419900) 447900! 466600 


MX 


28.274 | 318100) 381700] 424100} 466500, 477100) 508900) 530100 
30.680 | 359500! 431400) 479400) 527300) 539300) 575200) 599200 
33.183 | 404400) 485300) 539200) 593100) 606600) 647100) 674000 
35.785 | 452900] 543500) 603900) 664300) 679400) 724600) 754800 


38.485 | 505100} 606100] 673500] 740800| 757700} 808200; 841800 
41.282 | 561200) 673400] 748200! 823100; 841800) 897900) 935300 
44,179 | 621300| 745500) 828400) 911200] 931900| 994000/1035400 
47.173 | 685500} 822600] 914000/1005400/1028200/1096800)1142500 


AX 


50.265 | 754000) 904800) 1005300/ 1105800) 1131000'1206400)1256600 
53.456 | 826900) 992300/1102500)| 1212800) 1240400/1323000/1378200 
56.745 | 904400) 1085300) 1205800) 1326400) 1356600/1447000/1507300 
60.132 | 986500) 1183900| 1315400) 1446900 | 1479800/1578500/1644200 


RING 


63.617 |1073500| 1288300) 1431400) 1574500|1610300/1717700 1789200 
67.201 |1165500)| 1398600) 1554000) 1709400) 1748300/ 1864800 1942500 
70.882 |1262600)1515100|1683500) 1851800) 1893900/2020100/2104300 
74.662 |1364900)|1637900/1819900)|2001900|2047400/2183900|2274900 


78.540 |1472600)|1767100)|1963500)|2159800)| 2208900) 2356200/2454400 
82.516 |1585900)1903000|2114500|2325900)\2378800/2537400|2643100 
86.590 |1704700)|2045700)| 2273000) 2500300 | 2557 100|/2727600 2841200 
90.763 |1829400/2195300)|2439200/2683200|2744100/2927100|3049100 


95.033 |1960100/2352100)|2613400/|2874800|2940100/3136100/3266800 
| 99.402 |2096800/|2516100)2795700|3075200|3145100|3354800 3494600 

103.869 |2239700|2687600|2986200|3284900)|3359500|/3583500 3732800 
108.434 |2388900/2866700/|3185300|3503800/|3583400|3822300/3981600 
113.097 |2544700/3053600|3392900/3732200 3817000/4071500/4241200 


ISRINS 


4 
4 
5 
5 
5 
5 
6 
6 
6 
6 
7 
7% 
7% 
7% 
8 
8 
8 
8 
9 
9 
9 
9 
0) 
0 
0 
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TENSION VALUES 


ANGLES 


ALLOWABLE TENSION VALUES IN THOUSANDS OF PouUNDS 


Maximum Fiber Stress, 16000 Pounds per Square Inch 


Net Area and Stresses—Two Holes Deducted 


Size; om oa Area, | JInch Rivets | 34-Inch Rivets | 5¢Inch Rivets 


Tnches ThichesiliPouads Inches? 


Area, Area, Area, . 
Inches? Inches? Stress Inches? Stress 


212.0 


a 


BUA NINI00 OO 
wWONPRHNY RON 
DANwHohDBW 
APR OMA ONIN 
Diet WIGo 0D COIR CO 
FR OmnOQH B00 
COS A OT O2 NINIO0 
Ny waROMNHOy 
CONAN WWNS 


laa ACCOR ES 
Dit W109 Goh COIR b 
ROME OORN CO 
Ee) Senate 
wHwWNHRORDLY 
OS C00 1 COS Cred 
PADD WOO 00 
SIS CHCS) SOS) 
WOOO OmMOO~T 
Ede GS Tene) 
OR OWNI ROR 
AHNOIS HHH 


RA®IN 
Corea Ne) 
DWOUNT 


Re ee 
NA OOOH 
Aawonts 
N00 Orr 
NNwNwOwt 
GO 09 He C1 OID 
WoO orh 0009 


re 
DOr DONWUAD 


iy Ww 00 


NNWO NwwR Rid 
POWN BWOMoORD 
OD On 

WwW WHORE 
BWwdoye Ob 0009 09 
wOwoe Copo 
Nw WW 
PNNW NNNWWoH 
CWHO DORDNREO 
WONG Govnwo 
WORDS POCORN 


SASH 
ANwaco 
WwW. 
SaWo 


CARNEGIE STEEL COMPANY 


ANGLES 


ALLOWABLE TENSION VALUES IN THOUSANDS OF POUNDS 


Maximum Fiber Stress, 16000 Pounds per Square Inch 


Net Areas and Stresses—One Hole Deducted 


Thick- | Weight 


Size, Area, 1%-Inch Rivets 34-Inch Rivets 54-Inch Rivets 
ness, er Foot, ie 8 4 
Inches | Inches Tours Inches? r “ re : — “ 
rea, ea, rea, . 
Inches? | StF€88 | tnches? Stress | Inches? | Stress 
| ~% | 331 | 9.73 | 8.85 | 141.6] 8.96 | 143.4 
1849-1) B10 19:00! |. 8:28! 1825 le siss! | 1341 | 
34 28.7 | 8.44 | 7.69 | 123.0 | 7.78 | 124.5 
| 4¢ | 26.5 | 7.78 | 7.09 | 113.4 | 7.18 | 114.9 | 
6x6 5% 24.2 | 7.11 | 6.48 | 103.7 | 6.56 | 105.0 | 6.64 | 106.2 
6 21.9 | 6.43 | 5.87 | 93.9 | 5.94 | 95.0 | 6.01 | 96.2 
fy 19.6 | 5.75 | 5.25 84.0 | 5.31 85.0 | 5.37 85.9 
tae | 17.2 | 5.06 | 4.62 | 73.9 | 4.68 | 74.9 | 4.73 | 75.7 
% | 149 | 436 | 3.98 | 63.7 | 4.03 | 64.5 | 4.08 | 65.3 
% QHD N98 al eel Ids GS | weeds | PTE 
184g | 25.4 | 7.47 | 6.66 | 106.6 | 6.76 | 108.2 
34 23.6 | 6.94 | 6.19 | 99.0 | 6.28 | 100.5 
| 1145. | 21.8 | 6.40 | 5.71 |} 91.4 | 5.80 | 92.8 | 
Gx | 20.0) 4s 86 oh S28). S8e7 15.810 I (851001 75.30 nee 
| %e 18:1, | 5:31 ) 4:75 | 76.0] 4:82 | 77-2 | 4:89 732) 
6 16.2 | 4.75 | 4.25 | 68.0] 4.31 | 69.0 | 4.37 69.9 
te 14:3) |) 4418.) Sl74 |, $59.8] S80. | Veolgh |) Seba ene 
3609 e123 | ASi6L | S235) P51.7 1|es:28: |e 52 | sess 53.3 
5% 16.8 | 4.92 | 429 | 68.6 | 4.37 69.9 | 4.45 Ale; 
Ae 15.2 | 4.47 | 3.91 | 62.6 | 3.98 | 63.7 | 4.05 64.8 
Y% | 13.6 | 4.00 | 3.50 | 56.0] 3.56 | 57.0 | 3.62 57.9 
5x3) te L2On 8:53 18.09") Oe Bel5/ Wy e504 13.20 51.2 
| %% 104 | 8105 | 2.67. |P a2i7 | 2072) 436 i) aaa 44.3 
46 Si7 5 21561 2:25))- S604 9229) | (26.65) 2838 37.3 


5g | 15.7 4.61 | 3.98 | 63.7 | 4.06 | 65.0 | 4.14 66.2 
%e | 14.3 4.18 | 3.62 57.9 | 3.69 59.0 | 3.76 60.2 
YW | 12.8 3.75 | 3.25 52.0 | 3.31 53.0 | 3.37 53.9 


5x3 Me | 11.3 | 3.81 | 2.87 | 45.9] 2.93 | 46.9 | 2.98 | 47.7 
| 3 | 98 | 2.86.) 2.48 | 39.7) 283 | 405 | 258 | 413 

| Se | 8.2 | 2.40 | 2.09 | 33.4] 2.13 | 341 | 217 | 34.7 

56 | 15.7 | 4.61 | 3.98 | 63.7 | 4.06 | 65.0 | 4.14 | 66.2 

| %e | 14.3 | 4.18 | 3.62 | 57.9] 3.69 | 59.0 | 3.76 | 60.2 

| % | 12.8 | 3.75 | 3.25 | 52.0| 3.31 | 53.0 | 3.37 | 53.9 

4x4 | te | 11.3 | 3.31 | 2.87 | 45.9| 2.93 | 46.9] 2.98 | 47.7 
 -% 9.8 | 2.86 | 2.48 | 39.7 | 2.53 | 405 | 2.58 | 413 

he 8.2 | 2.40 | 2.09 | 33.4 | 2.13 | 34.1 | 2.17 | 34.7 

% 66 | 1.04 | 1.69 | 27.0) L72 | 27.6 | 1.76 | 280 

% | 11.1 | 3.25 | 2.75 | 440/ 2.81 | 45.0 | 2.87 | 45.9 

Ae 9.8 | 2.87 | 2.43 | 38.9] 2.49 | 39.8] 2.54 | 40.6 

4x3 % 8.5 | 2.48 | 2.10 | 33.6 | 2.15 | 344 | 2.20 | 35.2 
he 7.2 | 2.09 | 1.78 | 28.5 | 1:82 | 29.1] 1.86 | 29.8 

% 5.8 | 1.69 | 1.44 |° 23.0] 1.47 | 23.5 | 1.50 | 24.0 
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TENSION VALUES 


ANGLES 


ALLOWABLE TENSION VALUES IN THOUSANDS OF PouNnbs 


Maximum Fiber Stress, 16000 Pounds per Square Inch 


Thick- 
ness, 
Inches 


Weight 
per Foot, ee 
Pounds | *2°ne8" 


Net Areas and Stresses One hole Deducted 


7%-Inch Rivets 


34-Inch Rivets 


54-Inch Rivets 


Area, 
Tnches? Stress 


Area; 
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Area 


; 
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BARS 
ALLOWANCE TENSION VALUE IN THOUSANDS OF POUNDS 
ROUND BARS SQUARE BARS 
i Unit | Unit | Unit | Unit 
Stress | Stress | } Weight | Stress | Stress 
i ; el ery | 

Sze, | are, NGL | TEMP | 72M | sie, | are, Ine Font 190” | 200 
Inches | Inches? Peas be Pt || Inches | Inches’ | ounds | sh a 
quare uare uare pguare 

Inch Inch | Inch | he 

| 

yy 0.012 | 0.042) 0.2 0.3 || 4% | 0.016 | 0.053} 0.3 0.3 
%_ | 0.028 | 0.094, 0.4/| O06] %.6 | 0.035 | 0.119} 0.6 0.7 
h 0.049 | 0.167) 08) 10) % | 0.063 | 0.212) 10) 13 
546 | 0.077 | 0.261) 12] 1.5 |} %.@ | 0.098 | 0.333) 16) 20 
, Garo } O:375|) "288 e222 Aas OSS | O78! soos ors 
tag | 0.150 | 0.511) 2.4] 3.0 || “Ag | 0.191 | 0.651] 3.1] 3.8 
VY 0.196 | 0.667| 3.1| 39] % | 0.250) 0.850] 40] 5.0 
%e | 0.249 | 0.845) 4.0 50'|) <%¢ [0.316 | 1:08 } aoe mes 
5% | 0.307 | 1.04 4.9 6.1] 5 | 0.391 | 133 | 63) 7.8 
1%46 | 0.371 | 1.26 5.9 TAN Wk, | 0473 | 1-61 7.6 9.5 
Met | 01442.) “A501 7.1 8.8 | 38 | 0.563 | 1.91 9.0 | 11.3 
184g | 0.519 | 1.76 8.3 | 10.4 | 18%. | 0.660 | 2.25 | 106; 13.2 
% 0.601 | 2.04 9.6.| 12.0] % 0.766 | 2.60 | 12.3] 15.3 
1546 | 0.690 | 2.35 | 11.0] 13.8 ] 154, | 0.879 | 2.99 | 141 | 17.6 
0.785 | 2.67 | 12.6 | 15.7 | 1 .00 3.40 | 16.0 / 20.0 

Gre | 0887 | S01 | 142 | 17:7 | pie | 14d. | Bet] Gea eee 
144, 0:994 | 3.38 | 15.9] 19.9] 134 | 1.27 | 4.30] 203] 25.3 
1%.6 | 1.11 3.77 | 17.7 | 22.2 | 1%.5 | 1.41 | 4.80 | 22.6) 28.2 
14 1.23 4.17 | 196 | 24.5 || 1% | 1.56 Sst W) -250 7") eSars 
1%46 | 1.35 4:60 || 21.6: |) “27.10 | 15465 |) 1.725 4) 5.86 Wl Sein s4o 
136 1.48 5.05 | 23.8) 29.7 || 136 1.89 6.43 | 30.3 | 37.8 
1%6 | 1.62 5.52 | 26.0] 32.5 | 1%6 | 2.07 7.03) |) SSSei aes 
114 Teed 6.01) 283 35.3) 4 2.25 7.65 36.0 45.0 

| | 

1% | 1.92 6.52 | 30.7 | 38.4 | 1%. | 2.44 8.30 | 39.1 | 48.8 
15% 2.07 7.05 | 33.2 | 41.5 || 15% 2.64 | 8.98 | 42.3] 52.8 
1146 | 2.24 7.60 | 35.8 | 44.7 | 1146 | 2.85 | 9.68 | 45.6} 57.0 
1% 2.41 8.18 | 38.5] 48.1 | 18% | 3.06 | 10.41 | 49.0 61.3 
11844 | 2.58 8.77 | 41.3 | 51.6 | 11%6@ | 3.29 | 11.17 | 52.6 | 65.7 
1% 2.76 9.39 | 44.2 | 55.2 || 1% 3.52 | 11.95 | 56.3 | 70.3 
11546 | 2.95 | 10.02 | 47.2 | 59.0 | 11%.6 | 3.75 | 12.76 | 60.1 | 75.1 
3.14 | 10.68 | 50.3 | 62.8 || 2 4.00 | 13.60 | 64.0} 80.0 

214g | 3.34 |11.36 | 53.5 | 66.8 || 2%46 | 4.25 | 14.46 | 68.1] 85.1 
Dies 355.» | 12:06 | 56:7) 70:9) || 216 4.52 | 15.35 | 72.3 | 90.3 
234, | 3.76 | 12.78 | 60.1 | 75.2 || 2%6 | 4.79 | 16.27 | 76.6 | 95.7 
2, 3.98 | 13.52 | 63.6 | 79.5 | 21%, 5.06) ||) 17.22) |) (810 Mone 
2546 | 4.20 | 14.28 | 67.2 | 84.0 | 254, | 5.35 | 18.19 | 85.6 | 107.0 
23% 4.43 | 15.07 | 70.9 | 88.6 | 28% 5.64 | 19.18 | 90.3 | 112.8 
Q%46 | 4.67 | 15.86 | 74.7 | 93.3 || 2%6 | 5.94 | 20.20 | 95.1 | 118.8 
25 4.91 | 16.69 | 78.5 | 98.2 || 2% 6.25 | 21.25 | 100.0 | 125.0 
2%— | 5.16 | 17.53 | 82.5 | 103.1 || 2%, | 6.57 | 22.33 | 105.1 | 131.3 
256 5.41 | 18.40 | 86.6 | 108.2 | 256 6.89 | 23.43 | 110.3 | 137.8 
2114, | 5.67 | 19.29 | 90.8 | 113.5 | 2114, | 7.22 | 24.56 | 115.6 | 144.5 
234, 5.94 | 20.20 | 95.0 | 118.8 | 2% | 7:56 | 25.71 | 121.0 | 151.3 
21% | 6.21 | 21.12 | 99.4 | 124.3 || 21846 | 7.91 | 26.90 | 126.6 | 158.2 
2% 6.49 | 22.07 | 103.9 | 129.8 || 2% 8.27 | 28.10 | 132.3 | 165.3 
21%46 | 6.78 | 23.04 | 108.4 | 135.5 | 21%— | 8.63 | 29.34 | 138.1 | 172.6 
7.07 | 24.03 | 113.1 | 141.4 | 3 9.00 | 30.60 | 144.0 | 180.0 


SHEET PILING CONSTRUCTION 
SSS ee a eee a ees See 


STEEL SHEET PILING 


The introduction of steel sheet piling in substitution for wood 
has made possible the extension and indeed the practical rejuvena- 
tion of the cofferdam method of making excavations. Its use has 
led to great ultimate economies, greater safety in working and to 
the extension in size and depth of open excavations to limits which 
otherwise were regarded as impossible of attainment. The cellular 
cofferdam, first used in the Black Rock Lock, Buffalo, is a very 
successful method for the elimination of the expensive, slow, and 
not always reliable, pneumatic caisson on work of large magnitude. 


Steel sheet piling by its positive interlock enables the sub-surface 
diaphragms of diaphragm dams to be made with a certainty not 
possible with wooden sheet piling, and with an economy not possible 
with concrete by reason of the elimination of the excavation 
necessary in the case of the ordinary puddle core, concrete core or 
masonry core wall. A diaphragm made of such imperishable 
materials fulfills all the requirements of the ordinary core wall with 
the additional advantage of accommodating itself, by its flexibility, 
to slight irregularities of settlement in the dam. It is also used in 
the construction of curtain walls, sea walls and loading slips, founda- 
tions*for cylinder piers, sewers and trenches, etc. 


In addition to temporary cofferdams, steel sheet piling has found 
large use in the construction of permanent retaining walls for 
buildings. Driven before excavation in soils containing quick- 
sand or water-bearing strata, its use prevents the undermining of 
adjacent building foundations by movement of the strata. It also 
prevents in many cases the delay, expense and danger of under- 
pinning adjacent buildings. It may be employed in this way alone 
or reinforced by steel buckstays as shown in the illustration, which 
represents the method followed by D. H. Burnham & Company in 
constructing retaining walls for the Marshall Field and Stevens 
buildings, Chicago, where sheeting with its attached buckstays was 
driven its full depth and the basement and sub-basement floors 
placed as the excavation went forward. The rigidity of the buck- 
stays with the bracing supported by the floors eliminated the 
necessity and expense of shoring. After excavation concrete was 
filled in between the buckstays and the total expense did not 
exceed 60 per cent of its cost by the ordinary method. 


Type. Carnegie Steel Company manufactures United States Steel 
Sheet Piling, in three sizes and weights. 
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j 


Girder | 


Floor beam | 


Section at Buckstay 


i|Waling Channel]: 


i] 


United States Steel Sheet Piling is a simple, plain, rolled section 
ready for use as it comes from the mill without further fabrication. 
Each piece is complete in itself and all pieces of the same width are 
interchangeable. Its profile incorporates the advantages of the 
ball and socket joint, with sufficient clearance in the interlock for 
ease in driving and sufficient space for the use of a packing substance 
between its adjacent edges to insure watertightness. United States 
Steel Sheet Piling is more easily driven and pulled than any other 
section hitherto placed on the market. The reason for this is 
believed to be the absence of a leading groove combined with the 
line contact obtained in the joints. 


The sections have positive interlocks continuous throughout 
the entire length in both lateral and horizontal directions, affording 
maximum strength against sidewise deflection, distortion or sepa- 
ration of the pieces due to pressures, deformation in driving, ete. 


Strength of Sections. When driven and under pressure, steel sheet 
piling must have strength similar to that possessed by a beam 
loaded equally or unequally with earth or water pressure, and 
the resistance of the piling to transverse bending can be calcu- 
lated by the known laws of flexure from the properties of the sections 
given in the following table. In the case of United States Steel Sheet 
Piling, the properties of the individual pieces are the same as the 
properties of the sections interlocked in place. 


SHEET PILING CONSTRUCTION 


{Section A-A= be» 


bale ed EER 


ELEMENTS oF Srecrions, AXIS x-x 


== 
a 
Description Interlocked or Single Section Reval 
mere | et 2 Weigh 
Section | ‘i . a eight, 
Madee Wid th Single Section | | | Weight, ‘a : | , ba Lt ge 
: lijis.aeall ibs. per | | 4 i 
_Inches te tolee me ee Re | Argues aes Tinea! 
M 105 | 13% 42.5 }12.51 | 38 ie 56 | 0.83 | 4.85 | 3.93 | 13144 42.5 r 
M 104 134% 38 11.30 35 | 8.50) ‘0, 87 | 4.32|3.91] 13814 38 
_M 103 | 91% 16 4.71} 21) |) 1.45 | 0.56 | 1.13 | 1.47 944 16 


S* is the average section modulus per horizontal foot of wall interlocked in place. 

During driving the sections are forced to act as loaded columns, 
and the tables, therefore, show the radius of gyration of the sections 
for computing their compressive resistance under load or the blow 
of the pile driving hammer. The radius of gyration of the section, 
however, need not bear any definite proportion to its length and 
blocks of wood may be bolted to the leads of the pile driver if the 
piling shows a tendency to spring. As the piling actually enters 
the earth, it is supported laterally and stiffened by the adjacent 
soil, and the blows of the hammer need but overcome the friction. 
In an ordinary cofferdam braced in the usual manner, strength in 
the interlock to resist the tearing apart of the sections by direct 
tension in a longitudinal direction is not often required, but if it is, 
United States Steel Sheet Piling is reeommended on account of 
its great longitudinal strength. This interlock strength in a longi- 
tudinal direction depends on the type of section, the opening of 
the jaw, the character of the soil, etc., and can only be determined 
by tests. The average longitudinal strength per lineal inch of 
medium steel sections is as follows: — 

1314” United States Steel Sheet Piling.................. 9,800 pounds. 
914’’ United States Steel Sheet Piling.................. 5,600 ‘ 

Steel sheet piling is usually made of medium steel manufactured 
to standard specifications. Where the construction is permanent 
and possible corrosion is a serious factor, it may be made of steel 
containing about 0.25% copper, experiments on which, as well 
as analyses of old structures, indicate that such an addition goes 
very far towards making the steel practically indestructible. 


Full information is given in a separate pamphlet entitled ‘‘Steel 
Sheet Piling,’’ copies of which can be had on request. 
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GRILLAGE FOUNDATIONS 

Grillage Beams. In the design of foundations for columns, piers 
and walls, provision must be made for the uniform distribution of 
the load over the footing. This is best done by the use of a grillage 
of stecl beams and concrete. This method of construction elimin- 
ates deep excavations and large masses of masonry and is, therefore, 
truly economical. For heavy loads on soils of small bearing 
capacity, three tiers of beams may be necessary; while for lighter 
loads or better soils two tiers, or even one, may suffice. 

The lower tier should rest upon a solid bed of concrete of sufficient 
thickness to distribute the load to the soil. Good practice requires 
the spaces between the beams in all the tiers to be filled with, and 
the beams enclosed in, concrete not less than four inches thick. 

The clear distance between the flanges of the beams in each tier 
should not be less than 214 inches, nor more than three times the 
flange width. The first requirement is necessary to permit the 
introduction and proper tamping of the concrete, the second, to 
insure uniform distribution of the load. When separators are used 
to hold the beams in position, they should beof gas pipe, as cast iron 
separators tend to break the continuity of the concrete. Grillage 
beams should not be painted, as concrete does not adhere well to 
painted surfaces but is itself an excellent preservative of steel. 

To determine the area in square feet required for the foundation, 
divide the total load on the column, pier or wall by the allowable 
pressure per square foot on the soil. This gives the area of the 
footing, the shape of which is determined by local conditions. On 
the assumption that the loads on the soil are uniformly distributed, 
the number, size and weight of the beams required are determined 
from the maximum bending moment, the maximum shear, or the 
maximum web resistance to buckling, as follows:—Let 

_. W=Total load on the foundation, in pounds. 
Tae L =Length of beam, in feet. 
{LEE | a ==Length of loaded portion, in feet. 
| | d —Depth of beam, in inches. 
t —Thickness of beam web, in inches. 
| ITT 4 n Number of beams in a tier. 
fp—Allowable unit web buckling resistance. 

The maximum bending moment occurs at the center of the beam 
and is equal in foot pounds to W (L-a) +8; this formula is 
identical with the formula of maximum bending moment for a 
beam of length (L-a) under a uniformly distributed load, w. 

The proper size of beam in any tier as regards flexure at a fiber 
stress of 16,000 pounds per square inch may be found in the beam 


GRILLAGE FOUNDATIONS 


safe load table for the length corresponding to (L—a), by dividing 
the total load by the number of beams. 
Or may be found from the table of maximum bending moments, 
by dividing the total bending moment by the number of beams; 
Or from the table of properties, by dividing by the number of 


beams in the tier the total section modulus required, which 


is equal to oN 


Note, however, that the load on the beam for any span must not 
exceed the maximum tabular safe load for shear. 
The maximum vertical shear occurs at the edge of the column 


base or at adistance in feet of ae from each end of the beam and 

5 } L— 

is equal to =. ees a 

Web thickness, t, to resist avcrage Ne en Sint. Wey eae 
ce Nl | % L 2 nxdx 10,000 


5 Ww . L—a 1 ; 
Or, the average vertical shear={- x —5— x xdxt? Which must not 


exceed 10,000 pounds per square inch. 
The maximum buckling stress occurs on a length in inches of 


12a-+d/2 and is equal in total per lineal inch of web to Deas 


» The required thickness of web, t, to resist buckling= 


je eee 
nx(12a+ d/2)xfb. 
Or the average web resistance per square inch to buckling= 


pean det which must not exceed the tabular values for 


the allowable buckling resistance on beam webs. 

Rolled Steel Slabs. ‘To distribute the loads from columns over 
girders, grillage beams, etc., solid slabs of rolled steel may be 
advantageously used in the place of cast iron or riveted steel bases, 
etc. The size of the slab is usually fixed by the dimensions of the 
column and its thickness is determined from the maximum bending 
moment, on the assumption of uniform loading, as follows:—Let 
W=Total load, in pounds. 

A Width of slab, in inches. 

B =Length of slab, in inches. 

t =Thickness of slab, in inches. 

ia 177” a ==Outside dimension of column, in inches, 
ioe De b Outside dimension of column, in inches. 


The maximum bending moment will occur at the center of the 
eee Ao oe Bo) ,and ata 


1 
' 
3 


le-tees! 
eo eee 


slab and equals, in inch pounds, 
fiber stress of 16,000 pounds per square inch, the required thickness 


_a/BWG-a ,_ «8Wwe—Dd) 
of slab, t, 64000 Baie: 64,000 A 
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CRIT Lee td ek ee a ==lll 


CCA EN GEES Ct one 


EXOT ee re eee ee ee 


Rng Tenis eb bibebesienbrerenn so” 


CEs ee 


a ee 


° 
——_ Steel Slab 36’x 36’x 534" 
a ae za x x a 


Examrue: Required to design a grillage foundation for a column load of 
1,040,000 pounds on soil with an allowable bearing capacity of 6,000 pounds 
per square foot. Column composed of 1 web plate, 14’’ x 5’, 4 flange angles, 
6’ x 4” x &” and 4 flange plates, 14’’ x %’’, outside dimensions 14’’ x 18”. 

Required area of footing—1,040,000 + 6,000—173.33 square feet. 

Use area 12’-0’’ x 15’-0’’“=180 square feet. 

Assume 3/-0’’ square as the dimensions of the rolled steel slab or column 
base and allow 9” for concrete on the sides and ends of beams, then the dimen- 
sions of the steel grillage will be 10’-6’’ x 13’-6’’", concrete being assumed of 
sufficient thickness and strength to distribute to the edges. 


Rolled Steel Slab 


: A 3 x 1,040,000 x 22 
— fe Dk Md bade SE 3 5S i 5 
Thickness required, t, ‘3. 1,040,000 x 33 64,000 x 36 46 in 
Use 544”. 
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Beams—Section Modulus Method. 


Bottom tier—L—13.5 feet; a= 3.0 feet. 


Required total section modulus, S REL OE 10.5 1,023.75 in.8 


Use 13—15” 60.8 lb. beams—Total section modulus—1,055.6 in.8 
1,040,000 10.5 1 
iS: Sae pe? we els x15 sono 


A 1,040,000 is: y 
Average buckling stress—=75 TAS DESO ==3,120 lbs. per sq. in. 


Top tier—L—10.5 feet; a=3.0 feet. 


Average shear== = 3,515 lbs. per sq. in. 


3 x 1,040,000 x 7.5 
32,000 

Use 4—24” 90 Ib. beams—Total section modulus=743.2 in.8 
1,040,000 7.5 ay 

10\50 00 ~ 02) ~ 40x 247% 0624 


A 1,040,000 - 
Average buckling stress= Te ==8,680 lbs. per sq. in. 


Required total section modulus, S,=—= =731.25 in.8 


Average shear—= = 6,200 lbs. per sq. in. 


Plate Girder Grillage Foundations. In those cases where columns carry 
very heavy loads, plate girders are used for the top tier of the 
grillage rather than beams. In the case of symmetrical foundations, 
the method of computation is the same as has already Seen illus- 
trated in the case of beams. The following example indicates the 
procedure in the quite frequent case of unsymmetrical loading 
conditions: 


840,000 pounds 1,260,000 pounds 


n> 
\2 Plate Girders 
1 


ce 
ee 
= 


i 


Make up of 1 Plate Girder 

4 Flange Angles 6x 4x 54 

2 Flange Plates 14 x 54 

1 Web Plate 36x14 

2 Web Reinf. Plates 5¢ thick, 
each end between Flange 
Angles 

2 Web Reinf. Plates °¢ thick, 
each end over Flange Angles 

Stiffener Angles 5x 3144x 4 

Tie Angles 5x34xl 
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Exampiy:—Required to design a grillage foundation under an exterior or 
wall column carrying aload of 840,000 pounds, and an interior column with 
aload of 1,260,000 pounds, on soil with an allowable bearing capacity of 
8,000 pounds per square foot. 

840,000 


3,000 —105 square feet. 


Required footing area of wall column=—= 


Use area 8’-0” x 14’-0’’"= 112 square feet. 


1,260,000 


=157.5 square feet. 
8,000 


Required area of interior column footing—= 


Use area 12’-0’” x 14’-0’’—168 square feet. 


With these dimensions and areas, the load on the soil will be uniform at 
7,500 pounds per square foot, and the footings the same width, both of which 
are desirable from the standpoint of uniform settlement. 


Rolled Steel Slabs for Column Footings: Assume a width of 30” and a 
length of 32’’, then the required thickness will be as follows:— 
= 3 x _ 840,000 x (32 — 14) __ Sea, ” 
Wall column, t, = 64,000 x 30 4.86 in.; use 5’’. 
3 x 1,260,000 x (32 — 16) __ SH ayr 
ery ee apr 5.61 in.; use 534’. 
Plate Girders: Maximum bending moment occurs at the inner beams of 
the respective footings, and is equal to the load on the column multiplied by the 
distance of its center from the center of moments. 


M max. from wall column = 840,000 x 2’-6’’=2,100,000 foot pounds. 
M max. from interior column—1,260,000 x 1/-8’’=2,100,000 foot pounds. 
2,100,000_x 12 
16,000 
Select from girder safe load table, page 264, two girders composed each of 
1 web plate 36” x 44”, 4angles 6’ x 4” x 54’, and 2 flange plates 14” x 54’”;— 
Total section modulus, S=2 x 792.3=1,584.6 in.8 


Maximum shear occurs at the inside edge of the steel slab under the interior 
column, and is equal in total for the two girders to the load carried by the 
portion of the footing between that point and the inside edge of the footing, 

2 
eon es 680,000 or 340,000 pounds per girder. 

At 10,000 pounds per square inch, the 36” x 14” plate girder web is good for 
180,000 pounds; therefore, it is necessary to use reinforcing web plates where 
the shear exceeds that amount. 


Beams, Lower Tier, Interior Column: 

Required total section modulus, S, = BREN SOE = 1,142.3 ins 
Use 13—18” 54.7 lb. beams — Total section modulus = 1,149.2 in. 
1,260,000 _ 967 1 


12.5 x 3 x 73 x18 x46 1920 lbs. per sq. in. 


1,260,000 __ 
13 x43 x 46 = 4,900 lbs. per sq. in. 


For exterior column use 9—18” 54.7 lb. beams. 


Interior column, t, = 


Required section modulus of two girders= ==1,575.0 in.8 


or 


Average shear == 


Average buckling stress = 


Norr.—In order to facilitate manufacture and shipment, it is 
desirable to use for the entire foundation as few sizes and weights 
of beams as possible, and the rolled steel slabs should be of the 
same thickness or at least of as few thicknesses as really convenient. 
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GIRDERS 


RIVETED BEAM AND PLATE GIRDERS 


Where single rolled beams are insufficient to carry the loads, the 
required capacity may be secured by fabrication in various methods. 

Two beams can be used, connected together by bolts and separa- 
tors. The total strength of these is twice that of the single beam 
of the same depth and weight. Care should be taken, however, to 
see that the loads are applied on them equally, and where it is 
necssary for the beams to act as a unit, the separators should be of 
plates and angles and not of cast iron. If the loading is not uniform 
on the two sections, their strength must be computed separately. 

The use of single beam girders with plates top and bottom to 
sustain a given load is often more economical in material than the 
use of two beams connected by bolts and separators. 

Box girders formed of two beams with flange plates riveted thereto 
are often used for supporting interior walls in buildings. They 
are not, however, as economical in material as single beams with 
flange plates or plate girders. Their interior surfaces do not admit 
of repainting and they should, therefore, not be used.in exposed 
places. 

The most economical section to sustain heavy loads is the single 
web plate girder and it is sufficient for all ordinary purposes. When 
not so, two single web plate girders may be used, together with tie 
plates extending clear across the angles, or box girders may be 
made of four flange angles, two web plates and top and bottom 
flange plates. In case there is unequal distribution of the load, 
the two girders or half girders must be figured as separate units. 

In the design of beam or plate girders, care must be taken to see 
that the web is of sufficient thickness to resist buckling stress and, 
therefore, attention is called to the construction specifications and 
to the remarks made on page 193 as to shearing stresses in general. 

The tables which follow give first, a selected line of riveted beam 
girders of approximately twice the carrying capacity of the single 
beams of which the sections are built; second, a selected line of 
riveted plate girders of various depths and carrying capacities such 
as are customary in building work; third, elements of riveted plate 
girders of various depths from which it is possible to select econom- 
ical sections for almost any ordinary condition of loading. In 
addition to the properties, the first two tables give the safe loads in 
thousands of pounds uniformly distributed. 

In accordance with the construction specifications, these girder 
tables are based upon the section modulus of the gross area of the 
section, with bending stress allowed at 16,000 pounds per square inch. 


CARNEGIE STEEL COMPANY 


RIVETED BEAM GIRDERS 


ALLOWABLE UNIFORM LOAD IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16000 Pounds per Square Inch 


ee ret g--12""--» <--10—-» ¢---10-» 


peer aa 
—--~=-4 


ur 
u" 


eo-- BBY 


fron-n=- BLA --— 


a------ 28% 
rn----25Y4 


1-Beam 27/’x90 lbs.|1-Beam24”x79.91bs,|1-Beam24”x79.91bs.|1-Beam20”x81.4lbs: 
2-Plates 12’’x34’’ | 2-Plates 12/’x34’’ | 2-Plates 10’’x5¢’’ | 2-Plates 10’’x34’’ 


Increase Tncrease Increase 
in Safe in Safe in Safe 
Loads for Loads for Loads for 
Ye Inch 146 Inch 14¢ Inch 
Increase Increase Increase 

in 
Thickness 
of Flange 
Plates 


Coefficients of Deflection 


13 
14 
15 


16 
17 
18 
19 
20 


21 
22 
23 
24 
25 


26 
27 
28 
29 
30 


31 
32 
33 
34 
35 


370 312 259 i 235 
343 : 289 240 | 10. 218 
321 ; 270 | 12. 224 : 204 


_ 301 4 253 | 11. 210 : 191 
283 ¥ 238 | 10. 198 180 
267 5 225 k 187 170 
253 hs 213 | 177 161 
240 4 | 203 168 153 


229 193 160 146 
219 184 153 139 
209 176 146 133 
200 169 140 127 
192 162 135 122 


185 156 129 118 
178 150 125 113 
172 145 120 109 
166 140 116 105 
160 135 112 102 


155 131 109 99 
150 127 105 96 
146 123 102 93 
141 119 99 90 
137 116 bt e96 87 


ABAARA ANINND WMWOOO 

OHWAN CHRNO WoHORDS 

AMRAAAH DRRAN NNHwWMW OO 

WRAHO NRODH PNORD WAI 

PPP CLOT AAAHAN NI MO 
WNARWO HNARAO HWRON BORD 
WWW PPP AAAAH BANNN WOO 
DNDOH NWWANID OWANS WHRORD PRON 


Area 


44.34 inches? 41.33 inches? 35.83 inches? 38.74 inches? 
1-1 | 450.8 inches? 380.0 inches’ 315.5 inches? 286.7 inches? 
Weight | 151.2 Ibs. per ft. | 141.1 lbs. per ft. | 122.4 lbs. per ft. | 132.4 lbs. per ft. 


_ Safe loads above horizontal lines exceed the web resistance and girders should be provided 
with stiffeners; for limiting conditions see explanatory notes and Construction Specifications. 
Weights given for girders donot include stiffeners, rivet heads or other details. 


GIRDERS 


RIVETED BEAM GIRDERS—Concluded 


ALLOWABLE UNIFORM LOAD IN THOUSANDS oF POUNDS 


Maximum Bending Stress, 16000 Pounds per Square Inch 


Fo 


«-—-9 eae 
f i 


fo 8 
' 


S| 
H 


-----+ 
i 


” 


—---1614""----» 


194” 


ae 


SJ 
a 
§ 
3 
‘ ibe a 
Span fa 
Feet |!-Beam20’x65.41bs,|1-Beam18”x 54.71bs.|1-Beam15”x60.81bs,|I-Beam15”x42.9lbs,| 
'|2-Plates 10’’ x 5¢’\2-Plates 9/’x5g’’ |2-Plates 9’’x 54’’ |2-Plates 8/’ x 14” | 
Increase Increase Increase Increase € 
in Safe in Safe in Safe in Safe 
Loads for| Loads for ‘Loads for Loads for) © 
Safe |*ieInch| gate |Yolnch| gefe |Yelnch| gop. | 46 Inch 
Loads | Increase] Joadg | Increase} Joadg | Increase) Loads | Inerease 
in in in in 
Thickness Thickness Thickness’ Thickness} 
of Flange of Flange of Flange of Flange 
Plates Plates Plates Plates 
9 279 “ 218 3 189 9.4 137 8.5 1.34 
10 251 12.7 196 10.3 170 8.5 123 7.6 1.66 
se! 228 11.6 178 9.4 155 hinds 112 6.9 2.00 
12 209 10.6 164 8.6 142 foil 102 6.4 2.38 
13 193 9.8 151 7.9 131 6.5 95 5.9 2.80 
14 179 9.1 140 7.4 122 6.1 88 5.5 3.24 
15 167 8.5 131 6.9 113 5.7 82 6.1 3.72 
16 157 8.0 123 6.5 | ,106 5.3 aia 4.8 4.24 
a4 148 7.5 115 6.1 100 5.0 72 4.5 4.78 
18 139 Tal 109 5.7 95 4.7 68 4.2 5.36 
19 132 6.7 103 5.4 90 4.5 65 4.0 5.98 
20 125 6.4 98 5.2 85 4.3 61 3.8 6.62 
21 119 6.1 93 4.9 81 4.0 59 3.6 7.30 
22 114 5.8 89 4.7 ae 3.9 56 3.5 8.01 
23 109 5.5 85 4.5 74 Sul 53 3.3 8.76 
24 105 5.3 82 4.3 all 3.5 il 3.2 9.53 
25 100 5.1 79 4.1 68 3.4 49 3.1 10.35 
26 97 4.9 76 4.0 65 3.3 47 2.9 11.19 
Zifesi) © 93 4.7 73 3.8 63 Sra! 46 2.8 12.07 
28 90 4.6 70 3.7 61 3.0 44 27 12.98 
29 | Sr 4.4 68 3.6 59 2.9 42 2.6 13.92 
30 | 84 4.2 65 3.4 57 2.8 41 2:5 14.90 


Area 31.58 inches? 27.19 inches? 28.93 inches? 20.49 inches? 
$ 1-1 235.2 inches? 184.1 inches? 159.5 inches’ 115.3 inches? 
Weight | 107.9 lbs. per ft. | 93.0 Ibs. per ft. | 99.1 lbs. per ft. | 70.1 Ibs. per ft. 


Safe loads above horizontal lines exceed the web resistance and girders should be provided 
with stiffeners; for limiting conditions see explanatory notes and Construction Specifications. 
Weights given for girders do not include stiffeners, rivet heads or other details. 


CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS 


Sarge Loaps IN THOUSANDS oF Pounps UNIFORMLY DISTRIBUTED 


Maximum Bending Stress, 16000 Pounds Per Square Inch 
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¢—l4"- eld» s-14", 12364) 
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| 


Dimensions in Inches 


Coefficients of Deflection 


Web Plate 
Flange Plates 


F'ange Angles 
4-6x4x14 Flange Angles 


Flange Plates 
Flange Angles 


Web Plate 
Web Plate 
Flange Plates 
Web Plate 
Flange Angles 
Flange Plates 
Web Plate 
Flange Angles 
Flange Plates 
Web Plate 
Flange Angles 
Web Plate 
Flange Plates 
Web Plate 
4-6x6x4 Flange Angles 
Flange Plates 


1-30x34 

4-6x4x5¢ 

2-14x5 8B 

4-6x4x14 

2-14x54 

1-30x3% 

4-6x4xl4 

4-5x316x34 Flange Angles 


2-14x} 2 
1-30x34 
4-6x4x5¢ 
2-12x% 
2-14x54 


1-28x3% 
2-14x5% 


| 1-30x34 


| 1-28x3% 
1-28xl4 


299 | 6.62 


285 7.30 
ey 8.01 
260 8.76 
249 9.53 
239 | 10.35 


230 | 11.19 
222 | 12.07 
214 12.98 
206 13.92 
199 14.90 


193 15.91 
187 16.95 
181 18.03 
176 19.13 
vial 20.28 


166 — 21.45 
162 22.66 
157 | 23.90 
153 25.18 
150 26.48 
146 27.82 
142 29.20 


Area : ; ‘ : 54.50 A Tn.2 
Si-1 R fl i i 560.7 ; In.3 
Wt. por Ft. H “ i 118.3 118.1 185.5 i Lbs. 
__ Safe loads above horizontal lines exceed the end resistance and girders should be provided 
with stiffeners; for limiting conditions see explanatory notes and Construction Specifications. 
Weights given for girders do not include stiffeners, rivet heads, or other details. 
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GIRDERS 


RIVETED PLATE GIRDERS—Continued 


Sare Loaps in THousaNps oF Pounps UnitrorMuy DistRIBUTED 
Maximum Bending Stress, 16000 Pounds Per Square Inch 
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Dimensions in Inches 
] 


Coefficients of Deflection 


Web Plate 
Flange Angles 
Flange Plates 
Web Plate 
Flange Angles 
Flange Plates 
Web Plate 
Flange Angles 
Web Plate 
4-5x314x14 Flange Angles 
Web Plate 
Flange Angles 
Flange Plates 
Web Plate 
Flange Angles 
Flange Plates 
Web Plate 
Flange Angles 
Flange Plates 
Web Plate 
Flange Plates 


1-28x34 
4-6x4xlg 
2-14xlo 
1-28x34 
4-6x4xl4 
1-28x3¢ 
1-26x34 
4-6x4x14 
2-14x14 

| 1-26%3% 
4-6x4x3¢ 
2-14x14 
1-26x3¢ 
4-6x4x3¢ 
2-14x3¢ 
1-26x32 
4-5x314x3¢ Flange Angles 


2-12x3%4 


18 , 281 
19 266 
20 253 


21 241 196 
22 230 187 
23 220 | 179 
24 211 172 
25 202 165 


26 |; 195 158 
eee LSE 153 
28 181 147 
29 174 142 
30 169 lei 
31 163 }) 133. 

32 158 129 
33 153° | 136%) 125 
34 ; 149 ea Pail 
35 145 118 


36 141 114 
Shee Loe 111 
38 133 108 
39 130 106 
40 126 103 


Area 43.50 i 29.50 26.50 ; 38.19 34.69 30.95 
81-1 474.3 i 284.3 249.1 i 386.1 341.5 298.0 
Wt. perFt.| 148.1 100.5 90.1 3 130.0 118.1 105.4 
Safe loads above horizontal lines exceed the end resistance and girders should be provided 
with stiffeners; for limiting conditions see explanatory notes and Construction Specifications. 


Weights given for girders do not include stiffeners, rivet heads, or other details. 
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CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Concluded 


Sare Loaps 1n THOUSANDS OF PouNDS UNIFORMLY DISTRIBUTED 


Maximum Bending Stress, 16000 Pounds Per Square Inch 


| 


= a 


f12%6>) -10%/ | 212%) 12) sone! 036% | 
f f k f f ; ! H ry | 
8 a a a a a 3 
j i t ta te | 3 
Span | = ‘So 
in| Dimensions in Inches 2 
Feet 3 8 82 82 83 8g 8 3 | 3 
80 =) wo oR os we i.) Bo | 
a2 | 32 | 238 |s22|a22 | ese) 22 | 22 | 3 
py 2 [O) yoo Ay DO Ry oo [Pe pny O | RA 2 
gq | o2 |2ae|efe|222|ee2| 22 | 22 | 
==) Be | Pee | Pee | Fee | Bee | Ee 1 
aN AN BN aS aN aN BS 
wit | eS | he | he | Se | whe | es | es 
ey} Kop KOD 1 OD OD Ko Ko5 oD 
ok o,K RRS wKA SKN | WKN mK A 
ao Bn) 1d Ano ass Ao Ais Yo) 
at ak mt | Ada | Adc | Adticd ad a 
| | | i 
18 153 134 224 204 181 | 161 121 98 5.36 
19 145 127 212 193 172 | 152 115 93 5.98 
20 138 121 202 183 163 144 109 88 6.62 
21 131 115 192 175 155 138 104 84 7.30 


22 126 110 184 167 148 131 99: | 80 8.01 
23 120 105 176 159 142 126 95 77 8.76 
24 115 101 168 153 136 120 91 74 9.53 
25 110 97 162 147 131 116 87 Cie 10.35 


26 106 93 155 141 126 | 111 84 68 11.19 
27 102 90 150 136 121 | 107 81 65 12.07 
28 99 86 144 131 117 103 78 63 12.98 
29 95 83 139 126 113 100 75 61 13.92 
30 92 81 135 122 109 96 73 59 14.90 
31 89 78 TSOgh ALLS yelOS TileeOS 70 57 15.91 
32 86 76 126 115 102 90 68 55 16.95 
33 84 73 122 111 99 88 66 53 18.03 
34 | 81 71 119 108 96 85 64 52 19.13 
35 79 69 115 105 93 83 62 50 20.28 
36 77 67 112 102 91 80 61 49 21.45 
37 75 65 109 99 88 78 59 48 22.66 
38 73 64 106 96 86 76 57 46 23.90 
39 71 62 104 94 84 74 56 45 25.18 
40 69 60 101 92 82 72 55 44 26.48 


Area 28.75 25.75 40.00 37.00 33.20 30.20 25.00 21.20 In.2 

Si1-1 258.9 226.6 378.5 343.6 306.1 270.9 204.6 165.5 In.3 
Wt.per Ft.) 98.0 87.6 136.0 125.8 113.0 102.8 85.0 72.2 Lbs. 

__ Safe loads above horizontal lines exceed the end resistance and girders should be provided 
with stiffeners; for limiting conditions see explanatory notes and Construction Specifications. 


Weights given for girders do not include stiffeners, rivet heads, or other details. 
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GIRDERS 


RIVETED PLATE GIRDERS 


To obtain a girder suitable to carry any specified 
loading, determine the maximum end reaction in pounds 
and the maximum bending moment in inch-pounds. 

Select from the table a girder having the desired 
depth, a thickness of web as determined by the maximum 
end reaction and a suitable section modulus as deter- 
mined by dividing the bending moment by the permissible 
stress per square inch. 

For limiting conditions see explanatory notes and 
Construction Specifications. 

Weights given do not include stiffeners, rivet heads, 
or other details. 


Section 
Modulus, 


Axis 1-1, 
Inches? 


Weight per Foot, Maximum 
Size in Inches Pounds + End 
Reaction 


Web Plate in 
Flange and Flange Thousands 


f 
Angi Flange Plates e 
ngles Angles ate Pounds 


4x 3 x% 59.5 50.6 
4x 3x 69.9 50.6 
5x34xh 79.9 50.6 
5x38K4x% 92.7 50.6 
5x384%x% 79.9 i 50.6 
5x384x% 79.9 ‘A 50.6 
5x3Yx% 92.7 50.6 


4x 3 x% 64.6 60.8 
5x34x% 72.2 60.8 
4x 3x 75.0 60.8 
4x 3 x% 85.0 60.8 
5x384xh 85.0 60.8 
5x384x% 97.8 60.8 


72.2 : 60.8 
72.2 uy 60.8 
85.0 60.8 
85.0 Hl 60.8 
97.8 ; 60.8 


5x34x% 
5x34x% 
5x34%x% 
5x34%x% 
5x384x% 


4x 3 x% 61.6 56.3 
5x314x% 69.2 56.3 
4x 3x 72.0 56.3 
6x 4 x% 76.8 56.3 
5x384x% 82.0 56.3 
6x 4x 56.3 
5x38Yx% | 56.3 
5x3i44x% 56.3 
6x 4x% 56.3 
5x38u4x% 56.3 
6x 4 x% 96.3 
5x384x% 56.3 
6x 4 x% 56.3 
5x3i4x% 56.3 
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CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Continued 


at Weight per Foot, 
Size in Inches 
Section " Pounds 
Modulus, | : ete ee inne hs Be’ 
i Web Plate 
Axis 11, Flonge ce 
Inches® Angles Flange 

| Angles 


6x 4x 92.4 
5x38yY%x% 94.8 
6x 4x 92.4 
6x 4x 107.6 
6x 4 x% 107.6 


4x 3 x 67.2 
5x34x% 74.8 
4x 3x 77.6 
6x 4 x% 82.4 
4x 3 x% 87.6 
5x384%x% 87.6 
6x 4x 98.0 
5x34x% 100.4 
5x34x% 74.8 
6x 4 x% 113.2 
5x34%x% 74.8 
6x 4x% 82.4 
6x 4 x% 127.6 
5x34%x% 87.6 
6x 4 x% 82.4 
5x34%x 87.6 
6x 4x 98.0 
5x34%x% 100.4 
6x 4x4 98.0 
6x 4x% 1is-2 
6x 4 x% 113.2 
4 
3 


6x x% 127.6 


4x xi 83.1 
4x 3x 93.1 
5x34x\% 93.1 
6x 4 x4}. 103.5 
5x34%x% 105.9 
6x 4x 118.7 
6x 4x% 133.1 
5x34%x\% 93.1 
5x384x% 93.1 
6x 4x 103.5 
5x34%x% 105.9 
6x 4x 103.5 
6x 4 x% 118.7 
6x 4x% 118.7 
6x 4 x% 133.1 
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RIVETED PLATE GIRDERS—Continued 


Size in Inches seve ver Poet, 


Flange 
Angles 


5x34x% 
6x 4 x% 
5x344x\% 
6x 4x 
5x384%x% 
5x34x% 
6x 4 x¥& 
5x34x% 
6x 4 x% 
5x34xl 
6x 4 x% 
5x384xk% 
6x 4 xl 
5x34x% 
6x4 x 
6x 4 x% 
6x 4 x¥& 


j5x344x% 
6x 4 x% 
5x34x% 
6x 4 x 
5x34%x% 
5x38uYx% 
6x 4 x& 
5x34x% 
6x 4 x% 
6x 4 x% 
5x34%xk 
6x 4 x% 
6x4 xk 
5x384x 
6x 4x 
5x34x% 
6x 4 x 
6x 4 x%& 
6x 4 x%& 
6x 4 x3 


& 
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5x34%x\% 
6x4 x\% 
5x34x% 
6x 4 x& 
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CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Continued 


Size in Inches Make Foot, 


Section 
Modulus, 


Axis 1-1 
’ Flange Flange 
Inches Angles Plates 


6x 4 x% 
5x344x% 
6x 4xk 
5x384%x% 
6x 4x4 
5x34x% 
6x 4x 
6x 4 x% 
6x 4 x% 
6x 4 x% 


x 


AS NON Of OR A ON 


5x8K4x% 
6x 4 x%& 
5x3K%xk 
6x 4x4 
5x34Yx% 
5x34x% 
6x 4x% 
5x384x% 
6x 4 x% 
5x384%x\% 
6x 4 x% 
5x384x 
6x 4x4 
5x3KHx% 
6x 4x 
6x 4 x%& 
6x 4 x& 


oN 


MS XN KL NKR A 


5x384x% 
6x 4 x% 
5x3814x\% 
6x 4x4 
5x8wWx% 
5x34%x% 
6x 4 x% 
5x84x% 
6x 4 x% 
6x 4 x34 
5x34x 
6x 4 x% 
6x 4x 
5x384x 


GIRDERS 


RIVETED PLATE GIRDERS—Continued 


Size in Inches Weight per Foot, 


Section Pounds 
Modulus, Reaction 


in 
Thousand 


: Web Plate 
Axis 1-1, rane ba 
Inches* Angles Flange P. 0 
Angles ounds 


100.5 67.5 
102.9 67.5 
100.5 67.5 
115.7 67.5 
115.7 67.5 
130.1 67.5 


6x 4 x 
5x34x% 
6x 4 x\% 
6x 4 x% 
6x 4 x%& 
6x 4 x34 


NAN XK AA 


5x34%x% 96.1 73.8 
6x 4x 106.5 78.8 
5x384x% 108.9 78.8 
6x 4 x% IPA ler¢ 78.8 
6x 4 x% 136.1 78.8 
5x3exh 96.1 L 78.8 
6x 4 xk 150.5 78.8 
5x34%x% 96.1 78.38 
6x 4 xk 106.5 78.8 
5x3Y4x% 108.9 78.8 
6x 4 x 106.5 78.8 
6x 4 x%& 121.7 78.8 
6x 4 x% iar e 78.8 
6x 4 x34 136.1 78.8 


Xx 


NN XL LAN 


5x314x% 79.9 74.3 
6x 4 x% 87.5 74.3 
5x3Mxle 92.7 74.3 
6x 4x 103.1 74.3 
5x314 x54 105.5 74.3 
5x3Mx% 79.9 . 74.3 
5x84x%% 117.5 74.3 
6x 4 x&% 118.3 74.3 
5x314x3% 79.9 74.3 
6x 4 x% 87.5 74.3 
6x 4 x%% 132.7 74.3 
5x384x% 92:7 74.3 
6x 4 x% 87.5 74.3 
6x 4 x neve 74.3 
5x384x% 92.7 74.3 
6x 4x 103.1 74.3 
5x38u4x% 105.5 74.3 
6x 4 x¥% 103.1 | 74.3 
6x 4 x&% 118.3 74.3 
6x 4 x¥&% 118.3 : 74.3 
6x 4 x% 132.7 74.3 
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CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Continued 


Weight per Foot, 


Size in Inches Pounds 


Section 


Modulus, zs 
: Web Plate 
Axis 1-1, Flange and 

Inches? Angles 


5x3 4x4 
6x 4x 
5x3 4x % 
5x3 46x34 
6x 4 x% 
6x 4 x34 
5x3 44x16 
6x 4x% 
5x3 4x4 
6x 4 xk 
5x3 Kx % 
6x 4x 
6x 4 x% 
6x 4 x5 
6x 4 x34 


5x3 4x4 
6x 4x 
5x8 4x % 
5x3 44x34 
6x 4 x%& 
6x 4 x34 
5x38 4x4 
6x 4 x% 
5x3 4x4 
6x 4 x4 
5x38 4x % 
6x 4x 
6x 4 x% 
6x 4 x5% 
6x 4 x34 


5x3 16x 34 
6x 4 x% 
5x3 4x4 
6x 6 x3% 
6x 4 x4 
5x3 4x % 
6x 6 x4 
5x3 4x % 
5x3 44x 3% 
6x 4 x% 
5x3 4x % 
6x 4 x 
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GIRDERS 


RIVETED PLATE GIRDERS—Continued 


Weight per Foot, 


Size in Inches Pounds 


Section 
Modulus, 


Let Web Plate 
SEE Web Flange Flange and Flange 
Inches* Plate Angles Plates Flange Plates 
Angles ; 


6x 6x% 138.9 
6x 4 x% 136.5 
6x 6 x3% 101.7 
5x344x 96.5 
6x 4 x% 91.3 
6x 6 x34 156.9 
6x 6 x% 101.7 
5x34x% 96.5 
6x 4x 106.9 
6x 6 x% 101.7 
6x 6x 174.5 
5x38Yx% 109.3 
6x 6x\% 120.5 
6x xl 106.9 
6x x 120.5 
6x x% 122.1 
6x x 120.5 
6x x% 138.9 
6x x% 122.1 
6x x 138.9 
6x x34 136.5 
6x x34 156.9 


5x34x% 103.5 
6x 4x4 113.9 
5x384x% 116.3 
6x 6 x% 127.5 
5x314x 34 128.3 
6x 4x% 129.1 
6x 6 x% 145.9 
6x 4 x34 143.5 
5x34x 103.5 
6x 6 x% 163.9 
5x34x% 103.5 
6x 4x 113.9 
6x 6xkK 181.5 
5x34x% 116.3 
6x 6x\% 127.5 
6x 4x\% 113.9 
6x 6x 127.5 
6x 4 x% 129.1 
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RIVETED PLATE GIRDERS—Continued 


faa Weight per Foot. " 
Size in Inches * 
Section Pounds a a 


Modulus, Reaction 
: Web Plate “2 
Axis 1-1, Web Tianas cad Thousands 
Inches? Plates Angles Flange 
Angles 


6x 127.5 
145.9 
129.1 


145.9 


6 x% 
6x 6 x% 
6x 4 x% 
6x 6 x& 

4 

6 


6x x34 143.5 
6x x4 163.9 


5x34x 110.5 
6x 4x% 120.9 
5x3844x% 123.3 
6x 6 x4 134.5 
5x3144x%4 135.3 
6x 4 x% 136.1 
6x 6 x%& 152.9 
6x 4 x4 150.5 
5x34x% 110.5 
6x 6 x34 170.9 
5x3144x% 110.5 
6x 4 x4 120.9 
6x 6 xk 188.5 
5x3144x% 123.3 
6x 6 x4 134.5 
6x 4 x% 120.9 
6x 6 x 134.5 
6x 4 x% 136.1 
6x 6 x\% 134.5 
6x 6 x%& 152.9 

4 

6 

4 

6 


PENS NS PENG 


K 


Rox 


6x xX 136.1 
6x x& 152.9 
6x x 34 150.5 
6x x34 170.9 


6x 4 x% 95.1 
5x384x% 100.3 
6x 6 x% 105.5 
6x 4 x4 110.7 
5x384x% Ase 
6x 6 x% 124.3 
5x384x% 125.1 
6x 4 x% 125.9 
6x 4 x% 95.1 
6x 6 x& 142.7 
6x 4 x% 140.3 
6x 6 x% 105.5 
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RIVETED PLATE GIRDERS—Continued 


Fone Weight per Foot, 
Basti Size in Inches Poands 


Modulus, 
Axis 1-1 ; Web Plate 


Flange d Flange 
Inches? Angles Plates 


in 
Thousands 
of 
_ Pounds 


5x384x% 87.8 
6x 4 x% 87.8 
6x 6 x% 135.0 
6x 4x 6 87.8 
5x34x% 87.8 
6x 4 x\% 87.8 
6x 6 x¥&% 135.0 
5x344x% 87.8 
6x x 135.0 
6x x 87.8 
6x xi 135.0 
6x x4 87.8 
6x x 135.0 
6x x% 135.0 
6x x% 87.8 
6x x% 135.0 
6x x34 87.8 


RRS 


NRA RAR KAA AKA 


POR RARARABRO 


5x344x\% i 102.4 
6x 4 x\% é 102.4 
5x34%x% i 102.4 
6x 6 x4 24 157.5 
5x3Uu4x% : 102.4 
6x 4 x&% ‘ 102.4 
6x 6 x% M 157.5 
6x 4 x% ; 102.4 
5x3u%x% 102.4 
36 x the |6x 4 x% . 102.4 
5x3144xl4 102.4 
6x 4 xi 102.4 
5x3U4x% 102.4 
6x 6 x 157.5 
6x x 102.4 
6x x 157.5 
6x x% 102.4 
6x x 157.5 
6x x % 157.5 
6x x& 102.4 
6x x% 157.5 
6x x34 102.4 
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CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Continued 


ee Weight per Foot 
Size in Inches ’ 

Section Pounds 
Modulus, 


F Web Plate 
Axis 1-1, and Flange 
Inches* Flange Plates 

: Angles 


Pounds 


126.0 117.0 
139.6 1806.0 
141.2 117.0 
158.0 180.0 
155.6 117.0 
176.0 180.0 
170.0 117.0 
126.0 A 117.0 
193.6 180.0 
139.6 180.0 
126.0 117.0 
139.6 180.0 
141.2 117.0 
139.6 180.0 
158.0 180.0 
141.2 117.0 
158.0 180.0 
155.6 | 117.0 
176.0 180.0 
155.6 117.0 
176.0 189.0 
170.0 117.0 
193.6 180.0 


Me 
BN 


% 

% 

4% 3 
4% 56 
5% 5% 
% 34 
5% 5% 
5% 34 
54 34 
34 34 
34 34 
34 1 
34 1 
KB 1 
% 1 


141.3 146.3 
154.9 225.0 
156.5 146.3 
173.3 225.0 
170.9 146.3 
191.3 225.0 
185.3 146.3 
141.3 A 146.3 
208.9 225.0 
154.9 
141.3 146.3 
154.9 225.0 
156.5 146.3 
154.9 225.0 
173.3 225.0 
156.5 146.3 
173.3 225.0 
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GIRDERS 


RIVETED PLATE GIRDERS—Continued 


Size in Inches picient pet Foot 


Reaction. 


Web Plate ze 
Web Flange Flange d Flange Shoes 
Plates Angles Plates Plates Pownds 


14x % 5 146.3 
14 x % : 225.0 
14x 1 2 i 225.6 
14x H 146.3 
14x be 225.0 
14x S ; 146.3 
14x . 225.0 


6x4x 
6x6x 
6x6x 
36x 54% |6x4x 
6x6x 
6x4x 
6x6x 


ENE NING NPS SENG 


101.3 
157.5 
101.3 
157.5 
101.3 
101.3 
157.5 
101.3 
101.3 
157.5 
157.5 
101.3 
157.5 
157.5 
101.3 
157.5 
101.3 
157.5 
101.3 
157.5 
157.5 
101.3 
157.5 
157.5 
101.3 
157.5 
157.5 
101.3 
157.5 
101.3 
157.5 
157.5 
101.3 
157.5 


6x4x 
(o}>-¢l(5io-< 
6x4x 
CrxaOnx 
6x4x 
6x4x 
6 6x 
6x4x 
6x4x 
6x6x 
(635.5 (ayp.< 
6x4x 
§6§x6x 
6x6x 
6x4x 
Gr 6 
42x % |6x4x 
6x6x 
6x4x 
6x6x 
6x6x 
6x4x 
6x6x 
6x6x 
6x4x 
6x6x 
[o}ip-¢ (0) 5-< 
6x4x 
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CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Continued 


Weight per Foot, 


Size in Inches Pounds 


Section 
Modulus, 


; | Web Plate 
Axis 1-1, Flange and | 
Tnches* Angles | Flange 

| “Angles 


6x4x 
6x6x 
Colp. cal to. ¢ 
6x tx 
6x6x 
6x4x 
6x6x 


148.0 
168.4 
150.4 
168.4 
168.4 
162.4 
186.0 


NRNXLLAKK 


6x4x 
6 x Oks 
6x4x 
6x6x 
Ocxr4ex 
6x6x 
GO x4: 
6x4x 
6x4x 
6x6x 
6x6x 
6x4x 
6x6x 
OxiG x 
42x%e |6x4x 
6x6x 
6x6x 
6x4x 
6x6x 
6x4x 
6.16% 
6x6x 
6x4x 156.9 
Osos 159.3 
6x4x % 156.9 
6x6x % ides 
6x6x &% 159.3 
6x6x % 177.3 
6x6x % A A fers) 
6x6xk 194.9 


Jox 4x 136.2 
6x6x% 149.8 
42x% |6x4x% 151.4 
6x6x % 168.2 
6x4x% 165.8 


127.3 
140.9 
142.5 
159.3 
156.9 
177.3 
171.3 
127.3 
127.3 
194.9 
140.9 
127.3 
140.9 
140.9 
142.5 
140.9 
140.9 
142.5 
159.3 
142.5 
159.3 
159.3 
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RIVETED PLATE GIRDERS—Continued 


Weight per Foot, 


Size in Inches 
ounds 


Section 
Modulus, 


dare Web Plate 

Axis 1-1, Flange and Flange 
Tnches?, Angles Flange Plates 
Angles 


186.2 
180.2 
136.2 
136.2 
203.8 
149.8 
136.2 
149.8 
149.8 
151.4 
149.8 
149.8 
151.4 
168.2 
151.4 
168.2 
168.2 
165.8 
168.2 
165.8 
186.2 
168.2 
186.2 
186.2 
180.2 
203.8 


110.4 
120.8 
126.0 
139.6 
141.2 
110.4 
158.0 
110.4 
155.6 
120.8 
120.8 
110.4 
120.8 
170.0 


752.8 6x6x 
755.8 6x4x 
799.2 6x4x 
841.7 6x 4= 
842.7 6x6x 
848.1 6x6x 
870.8 6x4x 
890.6 6x6x 
919.4 6 xi6'x: 
952.6 6x4x 
972.6 6x6x 
990.8 GrxGEx 
1005.7 6x4x 
1012.9 6x'6= 
1023.7 6x4x 
1066.0 6x16 x 
1083.7 6x6x 
1101.7 6x4x 
1147.5 6x Gx 
1165.4 6x4x 
1173.6 6x 6=x 
1229.0 6x6x 
1237.4 6x6x 
1318.4 6x6x 
1321.2 6x4x 
1404.7 6x6x 


466.9 6x4x 
512.7 6x6x 
567.4 6x4x 
628.9 6x6x 
664.9 6x4x 
714.4 6x4x 
741.3 6x6x 
750.8 6x4x 
758.5 6x4x 
759.5 6x6x 
795.9 6x6x 
797.0 6x4x 
841.9 6x6x 
848.3 6x4x 
850.1 6x6x 176.0 
890.4 6x6x 120.8 
895.5 (6x4x% 126.0 


RRS 
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% 
% 
% 
% 
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4 
% 
% 
34 
% 
94 
54 
4 
34 
34 
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CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Continued 


Weight per Foot, 


Size in Inches Pounds 


Web Plate 
Flange d 
Angles 


924.3 
944.0 
955.2 
955.8 
977.7 

1004.3 

1037.6 

1072.7 

1098.2 

1119.5 

1133.3 

1147.1 48 x % 

1154.4 

1207.8 

1228.4 

1245.2 

1301.2 

1317.9 

1334.0 

1394.7 

1406.7 

1498.1 

1499.7 

1601.3 


Nox 


% 
M4 
4% 
% 
% 
% 
% 
% 
% 
4 
% 
% 
% 
% 
% 
34 
% 
34 
34 
% 
34 
% 
54 
4% 


NN NK NR RR RAS ORR ON ON AK OR AR A A ON 


591.2 
652.7 
688.7 
765.0 
782.3 
872.1 
873.8 
918.8 
967.3 
979.0 
979.0 
1000.8 
1027.6 
1060.8 
1095.8 
1121.4 
1142.5 
1156.5 
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KIVETED PLATE GIRDERS—Continued 


Weight per Foot, 
Sheen Size in Inches Pounds 


Modulus, 
5 Web Plate 
Axis 1-1, Flange and Flange 
Inches® Angles Flange Plates 


rales Pounds 


168.2 6 210.0 
151.4 4 141.8 
168.2 - 210.0 
168.2 6 210.0 
165.8 : 141.8 
168.2 q 210.0 
165.8 4 141.8 
186.2 : 210.0 
168.2 ; 210.0 
186.2 d 210.0 
180.2 : 141.8 
186.2 5 210.0 
203.8 5 210.0 


NKAKAKARK RK MEN 
NANAKRKA RL LAL 


146.4 162.0 
160.0 240.0 
161.6 162.0 
178.4 240.0 
176.0 162.0 
190.4 162.0 
196.4 240.0 
146.4 162.0 
146.4 162.0 
160.0 240.0 
214.0 240.0 
146.4 162.0 
160.0 240.0 
160.0 240.0 
161.6 162.0 
160.0 240.0 
160.0 240.0 
161.6 162.0 
178.4 240.0 
161.6 162.0 
178.4 240.0 
178.4 240.0 
176.0 162.0 
178.4 3 240.0 
176.0 d 162.0 
196.4 : 240.0 
178.4 240.0 
196.4 é 240.0 
190.4 E 162.0 
196.4 : 240 0 
214.0 5 240.0 
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CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Concluded 


Ais Weight per Foot, y 
Size in Inches M 
Section Pounds anes 
ANT (5 86 (61091 -  en Pem—e R ea  e e| ET a I 
: Web Plate oa 
Axis 1-1, Web Flange Flange and Flange — 
Inches® Plates Angles Plates ren | Plates Poli 
Angles | 

194.7 6x6x % 85.1 | 67.5 
245.7 5 6x6x% 103.9 67.5 
294.2 24x %0 16x 6x % 122.3 é 67.5 
340.7 6x6x % 140.3 67.5 
200.6 6x6x % 90.2 81.0 
251.5 24x % [6x 6x 14 109.0 81.0 
300.1 6x6x % 127.4 81.0 
346.6 6x6x% 145.4 81.0 
216.6 6x6x % 87.2 78.8 
272.9 26 x 46 6x6x% 106.0 78.8 
326.7 6x6x % 124.4 78.8 
378.2 6x6x% 142.4 78.8 
223.5 6x 6x % 92.8 94.5 
279.8 26x % [Ox 6x i 111.6 94.5, 
333.6 6x6x% 130.0 94.5 
385.2 6x6x % 148.0 94.5 
230.4 6x6x % 98.3 110.3 
286.7 26 x Hie [OX OX 15 117.1 110.3 
340.5 6x6x% 135.5 110.3 
392.1 6x6x % 153.5 110.3 
227.8 6x6x % 88.3 78.8 
286.8 27 x54, [6X 6X 14 107.1 78.8 
343.1 6x6x% 125.5 78.8 
397.3 6x6x % 143.5 78.8 
235.2 6x 6x % 94.0 94.5 
294.2 27x % |6xX 6x i 112.8 94.5 
350.6 6x6x% 131.2 94.5 
404.7 6x6x% 149.2 94.5 
242.7 6x 6x % 99.8 110.3 
301.7 27 x he |O X OX 14 118.6 110.3 
358.1 6x 6x 5% 137.0 110.3 
412.2 6x6x % 155.0 110.3 
271.2 6x 6x % 97.9 108.0 
338.3 30x % |6x6x 14 116.7 108.0 
402.6 6x6x % 135.1 108.0 
464.4 6x6x % 153.1 108.0 
280.4 6x 6x % 104.2 126.0 
347.5 30 x The [8 X OX 123.0 126.0 
411.8 6x 6x % 141.4 126.0 
473.6 6x6x % 159.4 126.0 
289.6 6x6x % 110.6 144.0 
356.7 30x% |6x6x% 129.4 144.0 
421.0 6x6x% 147.8 144.0 
482.8 6x6x %& 165.8 144.0 
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COLUMN SAFE LOADS 


STRESSES IN COLUMNS AND STRUTS 


Compression members in structures are called posts, struts or 
columns. No exact theoretical formula has been found which will 
give the strength of such members under various conditions of 
loading. The formulas in current use are based on the assumption 
that the members under stress may fail by direct compression, by 
compression and bending combined, or by bending alone. The 
empirical formulas based on these assumptions practically agree 
with results obtained by experiment on full size members. These 
experiments show that steel columns of ordinary sizes and lengths 
fail at nearly a constant stress which corresponds to the yield 
point of that material, and that the load which will cause a column 
to fail decreases in the ratio of its length to its least lateral 
dimension. 


Radius of Gyration. As the strength of a column depends on its 
ability to resist flexural stress, the moment of inertia of its cross 
section is an important factor in the determination of its carrying 
capacity. For the purpose of computation, however, it is much 
more convenient to use the radius of gyration which depends on 
the moment of inertia. 


Ratio of Slenderness. The ratio of slenderness is the unsupported 
length of a compression member divided by its radius of gyration, 
and the unsupported length of a column is determined by such 
points of support as will prevent deflection of the column in the 
direction which corresponds to the particular radius of gyration 
under consideration. Columns of unsymmetrical section have 
more than one radius of gyration. It is, therefore, necessary to 
determine the ratio of slenderness for the different radii of gyration 
of such columns and to use the proper ratio in any particular 
case. 


The unit stresses for different ratios of slenderness given in the 
construction specifications and on page 274 are consistent with 
present practice in column construction and their use does not 
involve the refinements of the more complicated formulas, which 
refinements are often vitiated by uncertainties in the application 
of loads or other practical features. 


The construction specifications limit the maximum ratio of 
slenderness to 120 for main members under steady stresses. For 
secondary members under temporary stress, such as those used in 
wind bracing, higher ratios may be used, but in no case should the 
ratio exceed 200. 
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Form and Size of Section. Important as it may be to have the metal 
in the column section distributed as far as possible from the neutral 
axis, that is, with as large a radius of gyration as possible, considera- 
tions of ease in fabrication and simplicity in connections are of 
greater weight. The economical column section is not that which 
affords the least weight of metal in the shaft, but that which, with 
a reasonable radius of gyration, provides the least weight of member, 
shaft and details with the minimum amount of riveting. Modern 
practice, therefore, eliminates earlier forms of construction which 
represented the minimum amount of metal for the maximum 
radius of gyration, such, for example, as the column composed of 
three I-beams or one I-beam and two channels placed either with 
the flanges in or the flanges out. The Z-bar column has aiso fallen 
into disuse, likewise a number of patented sections and other sections 
shown in earlier editions of this publication. 


The most practical column is one the surfaces of which are 
readily accessible for painting and, therefore, it is desirable to use 
open angle and plate columns rather than closed channel and 
plate columns. 


The column sections should be of such size as to permit ready 
framing of beams and girders thereto and so placed in the construc- 
tion as to permit the simplest details. Experience indicates that 
eight inches is the smallest desirable dimension in ordinary building 
work. For struts and light loads, smaller angle columns are still 
in use, while the H-beams are excellent for such purposes. I-beams 
and single angles may be used with economy where the conditions 
of lengths and loading permit. 


Explanation of Tables. The tables which immediately follow give 
the safe loads in thousands of pounds on H-beam and I-beam 
columns and on a selected line of channel and angle columns which, 
in the light of experience, seem to be desirable for use in ordinary 
building and bridge construction. In addition to the safe loads, 
they give moments of inertia and radii of gyration about both 
axes of symmetry, areas of sections, and weights in pounds per foot 
without allowance for rivet heads or other details. 


These tables have been computed for the least radius of gyration 
_in accordance with the formula given in the construction specifica- 
| tions. The values may be adjusted to other formulas or to different 
values of the ratio of slenderness by use of the comparative tables on 
pages 274 and 275. These tables are also suitable for use in figuring 
columns so braced against flexure, that their safe strength may be 
computed for the greater radius of gyration. 
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Combined Bending and Compression Stresses. It is assumed in the 
tables that the loads are direct and equally distributed over the 
cross section of the column or balanced on opposite sides thereof. 
In the case of beams carried on brackets or other forms of eccentric 
loading, bending stresses are produced which should be taken into 
consideration and the column sections so proportioned that the 
combined fiber stresses do not exceed the allowable axial compres- 
sive stresses. There is no direct simple solution of this problem; 
the following trial method is suited to the tables:— 


WW, Wie et 


W =Direct load, in pounds. 


=I 
y * 


[e) 

O} | Jo Wi= Eccentric load, in pounds. 
[s[elle M =Bending moment due to eccentric load, in inch 
8 8 pounds = W,x 

ololio I =Moment of inertia of column in direction of 
re bending. 

Cte n =EHxtreme fiber distance in direction of bending. 
ia e A =Area of column section, in square inches. 

“Wel f =Allowable axial unit compression, in pounds 


per square inch; then f should be equal to or greater 
than WEWi 4 Ai the fiber stresses due to compression and 
bending respectively. 


Rute:—Assume a section in excess of that required for the 
direct compression W + W1 and compute the combined fiber stress. 
If it works out too large or too small, try again. 

ExampLe:—Required to select a plate and angle column 20 feet long to 


sustain a balanced load of 210,000 pounds and an eccentric load of 40,000 
pounds applied 15 inches from the column center on axis 1-1. 


Assume a section made up of 14’’x36’’ web plate, four angles 6’’x4’’x%46’’ and 
two flange plates 14’’x3¢’’, page 293. 

A =832.47, Iy-1=1351, re-2=3.09, ratio of slenderness= 20x12 + 3.09=77. 

Allowable fiber stress, 19,000—100 l/r =11,300 pounds per square inch, 
page 274. 


Actual fiber stress —= 210,000 + 40,000 | 40,000 x 15 x 7.625 __7 79943 390= 


32.47 1351 
11,090 pounds per square inch. 
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COMPARISON OF COMPRESSION FORMULAS 


ALLOWABLE Untr Stresses IN Pounps PER SQuaRE INCH 


| 


A American | A. R. E. ba | tee ‘York, | Chicago, Philadelphia, | St. Louis 
Ratio Bridge Co. | Association 1917 1919 1919 1917 


Construction | 
Specitention, 16000-70-- 16000-70-- 
Page 137 


13000 14000 16000 
14000 15650 
14000 15300 
14000 14950 
14000 14600 
14000 14250 


13900 13900 
13550 13550 
13200 13200 
12850 12850 
12500 12500 | 13241 


12150 12150 | 12745 
11800 11800 12243 
11450 
11100 
10750 
10400 
10050 
9700 
9350 
9000 
8650 
8300 
7950 
7600 


if 
Maximum Ratio OFS 


Main Secondary 
|Members | Members 


* | | 
Compression Formula ce Frened Compression Formula 


| Chicago Bldg. Law, 1919..| 120 150 


American Bridge Company.| 120 200 
American R’y Engrg. Ass’n . 100 120 
New York Bldg. Law, 1917.! 120 120 


Phila. Bldg. Law, 1919....) 140 140 
St. Louis Bldg. Law, 1917.| 120 200 


COLUMNS 
a es ee ee oe es eee ee 


COMPARISON OF COMPRESSION FORMULAS 


ALLOWABLE UNIT STRESSES IN Pounps PER Square INCH 


A Boston, | Cleveland, -| Baltimore, | Pittsburgh, | Cincinnati, | 
Ratio 1919 1920 1908 1914 1917 Gordon 
| i 
Cleveland 15000 1 
eee jee ase 1 9000-100: 12500 
i 20000-1004 | Building Code 7 | and © | ar100-57 | — 2 
r 13500r2 1300-50 1 r 1+ 3600082 
0 12000 15000 15000 | 13000 13000 12500 
5 12000 14910 14972 13000 13000 12492 
10 12000 14930 14890 13000 13000 12465 
15 12000 14870 14754 13000 13000 12422 
20 12000 | 14770 14568 | 13000 13000 12363 
25 12000 14630 14336 13000 13000 12287 
30 12000 14460 14062 13000 13000 12195 
35 12000 14250 13752 | 138000 13000 12088 
40 12000 | 14000 13411 | 13000 13000 11968 
45 12000 13700 13043 | 13000 13000 11834 
50 12000 13350 12657 13000 13000 11688 
55 12000 12950 12254 13000 13000 11531 
60 12000 12500 11842 13000 13000 11364 
65 12000 12030 11425 12500 13000 11187 
70 12000 11540 11005 12000 13000 “ 11002 
75 12000 11000 10588 11500 12825 108114 
80 12000 10440 10176 11000 12540 10313 
85 11500 9850 9771 10500 12255 10410 
90 11000 9290 9375 10000 11970 10204 
95 10500 8750 8990 9500 11685 9995 
; 100 10000 8220 8617 9000 11400 9784 
105 9500 | 7720 8257 8500 11115 9571 
110 9000 | 7240 7910 8000 10830 9356 
115 8500 | 6800 (517 7500 10545 9142 
120 8000 6380 7258 7000 10260 8929 
125 7500 5980 6953 6750 9975 8717 
130 7000 5600 6661 6500 9690 8507 
135 6500 5260 6383 6250 9405 8299 
140 6000 4950 6118 6000 9120 8094 
145 5500 4660 5865 5750 8835 7892 
150 5000 4390 5625 5500 8550 7692 
155 4500 4140 5396 8265 7495 
160 4000 3900 5179 7980 7305 
165 3690 4972 7695 7118 
170 3520 A776 7410 6934 
175 3340 4589 7125 6754 
180 3170 4412 6840 6579 
185 3010 4243 6408 
190 2870 4083 6242 
195 2740 3930 | 6080 
200 2620 3785 5921 
i I 


l 
Maximum Ratios or ser 


Main 


Compression Formula eae yauaentl Compression Formula Aerabers peed 
Boston Bldg Law, 1919..... 160 | 160 || Pittsburgh Bldg. Law, 1014 120 | 150 
Cleveland Bldg. Law, 1920.; 120 200 Cincinnati Bldg. Law, 1917; 180 | 180 
Baltimore Bldg. Law, 1908. 120 HM GHOTGON ssayateateto novo Hieharet iste | 200 | 200 


CARNEGIE STEEL COMPANY 


BEAM COLUMNS 


Sarr Loap IN THOUSANDS OF POUNDS 


Allowable Fiber Stress per square inch, 13,000 pounds 
for lengths of 60 radii or under, reduced for lengths over 60 
radii; see Construction Specifications. 

Weights do not include details. 


Depth and Weight of Sections 


Effective’ I Beams 
Length 
in Feet 


-2)120.4 
52.2/120.4 
120.4 
-2/120.4 


-9/109.9 
98.9 
87.9 
76.9 

65.9 
eee 


COND wees | 


59.9 
54.4 
48.9 
43.4 
37.9 


Ob RAAD 
CL ICH 
US Bon 


OONBN OG 


32.4 
26.9 


Reh Www 
tw Odom woalne 


Area, in.? 


Iy-1, in.4 

T1-1, in. 

Io-2, in.4 

Te-2,1n. 

Weight, ; 

Lbs. per y : i ‘| H 4 4 | 21.8 
Foot { 


_ Safe load values above upper zigzag line are for ratios of l/r not over 60, those between the zigzag 
lines are for ratios up to 120 l/r and those below lower zigzag line are for ratios not over 200 l/r. 
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COLUMNS 


10 INCH CHANNEL COLUMNS 


Sarge Loaps in THOUSANDS OF Pounps 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 

Weights do not include rivet heads or other 
details. 


2-10, in. Channels, 2-12 in. Plates 


? 
’ 
7 
“) 
o 
7 


15.31b.Channels, 


20 lb. Channels, 


115.3 Ib.Channels, 


15.3 1b. Channels, 
Channels, 


25lb. Channels, 
in. Plates 
20 lb. Channels 


20 1b. Channels, 
%@ in. Plates 


Y in. Plates 
201b, Channels, 
46 in. Plates 
20 1b. Channels, 
%4e@ in. Plates 
25 1b. Channels 
%@ in. Plates 
301b. Channels, 
54 in. Plates 
35 1b. Channels, 
%e in. Plates 
35 1b. Channels, 
54 in. Plates 


3 in. Plates 
54 in. Plates 
25 lb. Channels 
5 in. Plates 
301b. Channels 


Single Lattice 
Single Lattice 
Single Lattice 
7A in. Plates 


15.3 lb. Channels 
546 in. Plates 


15.3 Ib. 
% 


17,92) 19.42 20,92) 22.26 23.76 20) 29.70) 31.14] 32.64 

ind 376 463, 444) 489 606 630 608 
or '87| 3.66 3.52] 4.50| 4.58) 4.65] 4.71| 4.46] 4.53) 4.601 4.661 4.45| 4.52| 4.931 4.39| 422 
Io.9 iné 231 267 274) 292 351 3721 372 
rg2,in. | 3.72 8. '60/ 3.59 3.58 3.58] 3.54) 3.50] 8.50| 3.50 3.44] 3,44/ 3.37] 3.37| 3.30 


Area, in.2: 


Weight : 
Thar oen .1) 61.2; 66,3) 71.4) 75.7} 80.8) 85, : .9] 104.0 144.0) 115.9 
Foot | 
Safe load values above upper zigzag line are for ratios of l/r not over 60, those between the zigzag 
lines are for ratios up to 1201/r, and those below lower zigzag line are for ratios not over 200 l/r. 
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CARNEGIE STEEL COMPANY 


10 INCH CHANNEL COLUMNS—Continued 


Sarg Loaps IN THOUSANDS OF POUNDS 


Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under, reduced for 
lengths over 60 radii; see Construction Specifications. 

Weights do not include rivet heads or other 
details. 


apices 240in. Channels, 2-44 in! Plates 


25 |b. Channels, 


20 lb. Channels, 


1 in, Plates 
20 lb. Channels, 
76 in. Plates 
1 in. Plates 
5 in. Plates 
25 1b. Channels, 
%¢@ in. Plates 
54 in. Plates 
25 lb. Channels, 
114 ¢ in. Plates 
34 in. Plates 


20 lb. Channels, 
%@ in. Plates 


15.3 Ib. Channels, 
Single Lattice 
20 lb. Channels, 
Single Lattice 
25 lb. Channels, 
Single Lattice 
30 Ib. Channels, 
Single Lattice 
15.3 1b. Channels, 
3 in. Plates : 
15.3 lb. Channels, 
7A@ in. Plates $ 
15.31b. Channels, 
20 |b. Channels, 
25 Ib. Channels, 


Area, in.?|| 8. -76| 14.70 


Ty-1, in 182 
Ty-1,m : .66 | 3.52 
Lo-2, in 284 
Tg-2, 11, ‘i s 4.39 


“Weight, 
Lbs. per : 4 | 59.4 
Foot 
Safe load values above upper zigzag line are for ratios of l/r not over 60, those between the zigzag 


lines are for ratios up to 120 1/r, and those below lower zigzag line are for ratios not over 200 l/r. 
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COLUMNS 


10 INCH CHANNEL COLUMNS—Continued 


}—- ===> 


" 


f-----40 


details. 


Sare Loaps In THOUSANDS OF Pounpbs 


Allowable Fiber Stress per square inch, 13,000 
pounds for lengths: of 60 radii or under, reduced for 
lengths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads cr other 


2-10 in. Channels, 2-14 in. Plates 


1 in. Plates 


1 in. Plates 
154¢ in. Plates 


1146 in. Plates 
30 Ib. Channels, 
34 in. Plates 
30 Ib. Channels, 
134¢ in. Plates 
30 lb. Channels, 
7% in. Plates 
30 lb. Channels, 
154¢ in. Plates 
30 Ib. Channels, 
35 Ib. Channels, 
35 lb. Channels, 
35 Ib. Channels, 
1\4¢ in. Plates 


Ly 
o 
a 
a 
3S 

a 

(6) 

we} 

3 

So 
oD 


35 Ib. Channels, 


11g in. Plates 


35 Ib. Channels, 
134¢ in. Plates 
35 Ib. Channels, 
14 in. Plates 


Area,in.? 


Iy-1,in4) 
r4-1,in, 
Io 2, int 


Tg-9,in. 


Weight, 


Lbs, per 
Foot 


Safe load values above heavy line are for ratios of ]/r not over ae those 
for ratios not over 120 1/r. 


below 


heavy line are 


CARNEGIE STEEL COMPANY 


12 INCH CHANNEL COLUMNS—Continued 


Sarge Loaps IN THOUSANDS OF PoUNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 

Weights do not include rivet heads or other 
details. 


ori 


” 


ee 


eo ee 2-12 in. Channels, 2-14 in. Plates 


| | 


20.7 lb. Channels, 
%4@ in. Plates 


25 Ib. Channels, | 
14g in. Plates 


25 lb. Channels, | 


25 |b. Channels, 
1844 in. Plates 


20.7 lb. Channels, | 
Single Lattice 
25 lb. Channels, 
Single Lattice 
30 lb. Channels, 
Single Lattice 
35 1b. Channels, 
Single Lattice 
20.7 Ib. Channels, 
3 in. Plates 
20.7 Ib. Channels, 
Ae in. iP lates 
20.7 Ib. Channels, 
Y% in. Plates 
20.71b. Channels, 
44 in. Plates 
5 in. Plates 

25 Ib. Channels, 
5 in. Plates 
25 lb. Channels, 
34 in. Plates 


22.56) 24.31 


658 | 730 
5.40 | 5.48 
in. 415 | 444 
Tg-9, in, Y ie : ‘ 4.29 | 4.27 
Weight, 
Lbs. per ; : ; 4) 77.1) 83.1 
Foot 
_ Safe load values above zigzag line are for ratios of l/r not over 60, those below zigzag line are for 
ratios not over 120 l/r. 
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COLUMNS 


eee 12 INCH CHANNEL COLUMNS—Continued 


Sare Loaps 1n THOUSANDS OF Pounps 


sarc 
| 


a” 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


12: 


a 


a5 

J 

ee 2-12 in. Channels, 2-14 in. Plates 

A 

a a am| 7 Bm] oa an) F on] o am| oa am) a Bm] oa 

b lsoglso8l(cglo8\a,(/ssla,(csleuales/Sele3lax/a3\s 
S ~~ o ~~ ey ~ o |e 

HES EH ESE EEE ENE EE GEE SERIE RES 
Aas Sas sa | etl | of] Bt] SA] Sot) SR 

g |O2/Sg/Og/Og/O™ |S g/O™ (Og/O 4/64/56 g/O4/O4/Cg|6 4 

S S/S] 075/86 o/6-4].6 9/.0-4).56 o]o°4].6 ©] o 4]. o].d.5| 4 9/3. 

3 Rat) Sao Se SSS Se | S| Sol Son St) Sc] Sk ma /o.a 

we S (= i) of |S 29 | 22 19 | ad 1D Fad [aa lads | a hag a 

S| oO oO oO oO oO Go) oO Ce) oo | oO oo | od Gr) Gr) 


21 | 498) 521 | 543) 565) 588 | 601, 623 | 645 | 668) 689 | 712 | 734) 757 | 779 | 802 
22 || 487/509) 531 | 553) 575) 587/609 | 631 | 653 | 674| 695 | 717 | 739] 761 | 783 
23 «|| 476/497 | 518 | 540] 561 | 573] 594 | 616 | 637 | 658 | 679 | 700] 722 | 743 | 765 
24 ||465 | 486 | 506 | 527 | 548 | 559] 580 | 601 | 622 | 642 | 663 | 684 | 704| 725 | 746 
25 || 453 | 474 | 494 | 514) 535 | 545] 566 | 586 | 607 | 626 | 646 | 667 | 687 | 707 | 728 


26 || 442 | 462 | 482 | 502) 522 | 532] 552 | 571 | 591] 610) 630] 650) 670) 689 | 709 
27 =| 431) 451/469 | 489) 508 | 518] 537 | 557 | 576] 594 | 614| 633 | 652 | 672 | 691 
28 || 420/439 | 457 | 476] 495 | 504} 523 | 542 | 561| 578 | 597 | 616| 635 | 654 | 672 
29 || 409 | 427 | 445 | 463/482 | 490] 509 | 527 | 545] 563 | 581 | 599] 617 | 636 | 654 
30 || 397/415 | 432 | 450) 468 | 477/494 | 512 | 530) 547 | 564 | 582 | 600 | 618 | 635 


81 || 386 | 404 | 420 | 438) 455 | 463] 480 | 497 | 515/531 | 548 | 565 | 583 | 600| 617 
32 || 375 | 392 | 408 | 425 | 442 | 449] 466 | 483 | 499] 515 | 532 | 548 | 565 | 582 | 599 
33 (|| 364 | 380 | 396 | 412| 428 | 435) 452 | 468 | 484] 499 | 515/531) 548 | 564 | 580 
34 || 352 | 368 | 383 | 399| 415 | 421) 437 | 453 | 469] 483 | 499 | 515/530) 546 | 562 
35 || 341/357 | 371 | 386 | 402 | 408 | 423 | 438 | 453 | 467 | 482 | 498 | 513 | 528 | 543 


Area, in,2 || 38.64] 40.39) 42.14) 43.80] 45.64] 46.83| 48.58] 50.33] 52.08|53.83| 55.58) 57.33/59.08| 60.83] 62.58 


Ty-1,in4|} 1174} 1258) 1340) 1424) 1509) 1459) 1544} 1630) 1719} 1808] 1899) 1992) 2087) 2183} 2280 
Ty-1,in. |} 5.52] 5.58} 5.64) 5.70) 5.75) 5.58) 5.64!) 5.69) 5.74) 5.80] 5.85] 5.89] 5.94) 5.99) 6.04 
Io-2,in.4|| 659} 688! 717) 745) 774) 779) 808) 837) 865} 894) 922) 951) 980} 1008) 1037 
ro-o,in. || 4.13) 4.13) 4.12) 4.12) 4.12) 4.08) 4.08] 4.08} 4.08) 4.07] 4.07] 4.07] 4.07] 4.07|_4.07 


2-2) 


Weight, 
ener 131.4} 137.4) 143.3) 149.3) 155.2) 159.3) 165.2 171.2) 177.1/ 183.1) 189.0) 195.0) 200.9) 206.9) 212.8 


Foot 
Safe load values above heavy line are for ratios of l/r not over 60, those below heavy line are 
for ratios not over 120 l/r. 
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CARNEGIE STEEL COMPANY 


12 INCH CHANNEL COLUMNS—Continued 


Sars Loaps 1n THOUSANDS OF POUNDS 


a--=--4 


Allowable Fiber Stress per square inch, 13,000 
pons for lengths of 60 radii or under, reduced for 
ngths over 60 radii; see Construction Specifications. 
Weights do not include rivet heads or other 
details. 


” 


aoa 


2-12 in. Channels, 2-16 in. Plates 


30 Ib. Channels, 
1546 in. Plates 
30 Ib. Channels, 
1 in. Plates 
30 lb. Channels, 
114¢ in. Plates 
30 Ib. Channels, 
1% in. Plates 
30 Ib. Channels, 
134¢ in. Plates 
30 Ib. Channels, 
14 in. Plates 
35 Ib. Channels, 
1%g@ in. Plates 
35 lb. Channels, 
114 in. Plates 
35 lb. Channels, 
154¢ in. Plates 
35 lb. Channels, 


QO 
oo 
51 


To-9, in. 


Weight 
Lhs. por 
Foot 


Safe load values above zigzag line are for ratios of 1/r not over 60, those below zigzag line are efor 
ratios not over 120 1/r. 


282 


COLUMNS 


12INCH CHANNEL COLUMNS—Continued 


Sarge Loaps In THousanps or Pounps 


Seana 


o 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 

Weights do not include rivet heads or other 

details. 


-12 


fe 


2-12 in. Channels, 2-16 in. Plates 


15¢ in. Plates 
134 in. Plates 
1134¢ in. Plates 
35 Ib. Channels, 
1% in. Plates 
35 Ib. Channels, 
1154¢ in. Plates 
35 Ib. Channels, 
2 in. Plates 


1%¢ in. Plates 
1% in. Plates 


35 lb. Channels, 
35 Ib. Channels, 
35 Ib. Channels, 
1%¢ in. Plates 
35 lb. Channels, 
35 lb. Channels, 
1114¢ in. Plates 
35 lb. Channels, 
35 Ib. Channels, 


918 
918 


Safe load values above heavy line are for ratios of l/r not over 60, those below heavy line are for 
ratios not over 120 1/r. 
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CARNEGIE STEEL COMPANY 


15 INCH CHANNEL COLUMNS—Continued 


Sarp Loaps IN THOUSANDS OF POUNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii;see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


Ae aan 2-15 in. Channels, 2-16 in. Plates 


33.91b. Channels, 


33.91b. Channels, 


Single Lattice 
45 lb. Channels, 
Single Lattice 
7A@ in. Plates 
Y in. Plates 
33.9 1b. Channels, 
%«@ in. Plates 
54 in. Plates 
35 lb. Channels, 
5 in. Plates 
35 Ib. Channels 
114¢ in. Plates 
34 in. Plates 
35 |b. Channels 
1346 in. Plates 
35 lb. Channels, 
7% in. Plates 


3 in. Plates 
33.9lb. Channels, 


| 351 b. Channels, 


33.9 lb. Channels, 
Single Lattice 
35 lb. Channels, 
Single Lattice 
40 1b. Channels, 
33.9 lb. Channels 


Area, in.2 


Ty-1, int 
ry-1, 12 
To-9, int 
T2-2) in. 
Weight, 
Lbs, per 
Foot 
Safe load values above zigzag line are for ratios of |/r not over 60, those below zigzag line are for 


ratios not over 120 l/r. 
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COLUMNS 


15 INCH CHANNEL COLUMNS—Continued 


Sarge Loaps In THOUSANDS OF PouNDS 


Stier! 


” 


15 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


am em ale 
( 


S 
o . ° 
2 2-15 in. Channels, 2-16 in. Plates 
{2 
S |#3(4,|49|4 |42\40\38\9g\4e\22l4eloel¢alae. 
to of|/e2\o8/|"o SL8i/SSi(SCLIGVBsl\SViosi\ssxi/qssi\sV2iasB 
@ |e8|se/as\q8|gales|selaa|galsolge|sa| ss] ea 
fe 2 ze) Be a a 
Bm | oa | Be | S| Bh | BR BA) Bai) BP) ges] Be) Bal) BA) ae 
5 z ‘i A i Siecle! rece ee Ihe 
ee WB? ales |O (O8 | gl Oa lO giOg Og | Cg (Og O.8 tO 9 
s =| . n C “os : Ete! ot yet | 
° © c) . 2° ) $ 5 5 } 5 
3 28) Se / 28/25 | 2S) S92) Sa) 22) 85) oy) 25|/ Se) 24/28 
Se esha ese tee SM) Om fag ty jag fag fag | 10 Jas | ae Jap 
=| a + a 7 H 7 ~H ~H Ht | wht | xt | 


Area, 1n? || 49.52) 51.52) 53.52) 55.52) 57.52) 59.52) 60.48) 62.48] 64.48) 66.48} 68.48] 70.48] 72.48) 74.48 


T-1, in4|] 2322) 2461) 2602) 2746) 2891) 3039] 2946] 3094) 3244) 3396] 3550) 3707| 3865] 4026 
Ty-1, in. 6.85} 6.91) 6.97] 7.03] 7.09) 7.15] 6.98) 7.04] 7.09) 7.15} 7.20) 7.25] 7.30) 7.35 
Io-o, int || 1106] 1149) 1192) 1234) 1277| 1320) 1322) 1365) 1408) 1450) 1493} 1536) 1578) 1621 
T9-9, in. 4.73| 4.72| 4.72| 4.71| 4.71] 4.71] 4.68| 4.67) 4.67) 4.67) 4.67) 4.67|_ 4.67) 4.67 


2-2) 


Weight, 
Lbs. per 168.4] 175.2) 182.0] 188.8] 195.6) 202.4) 205.6) 212.4; 219.2) 226.0) 232.8) 239.6) 246.4) 253.2 
Foot 


Safe load values above heavy line are for ratios of l/r not over 60, those below heavy line are 
for ratios not over i20 1/r. 
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CARNEGIE STEEL COMPANY 


15 INCH CHANNEL COLUMNS—Continued 
Sarre Loaps In THOUSANDS OF POUNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for:lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


” 


5S 


2-15 in. Channels, 2-18 in. Plates 


| 35 1b. Channels, 


40 lb. Channels, 


35 1b. Channels, 
| 40 1b. Channels, 


% in. Plates 
lin. Plates 
40 1b. Channels, 
1} in. Plates 


40 lb. Channels, 
1544 in. Plates 


7A@ in. Plates 
114¢ in. Plates 
40 1b. Channels, 


33.9 1b. Channels, 
1344 in. Plates 


¥% in. Plates 
33.91b. Channels, 
%@ in. Plates 
33.91b. Channels, 
5 in. Plates 
54 in. Plates 
35 1b. Channels, 
114¢ in. Plates 
35 lb. Channels, 
34 in. Plates 
35 1b. Channels, 
XK in. Plates 
40 1b. Channels, 
184 in. Plates 


33.9 lb. Channels, 
3% in. Plates 
33.91b. Channels, 


57.27|59.52161.77, 


2164 2841) 3002) 3166 
6.91) 6. d o ‘ 98} 7.04) 7.10) 7.16 
1710) 1771) 1832 
5.46) 5.45) 5.45 


33.30/35.55 |37.80/40.05)42.30/43.08/45.33 


1423] 1564] 1707) 1852) 1999) 2014 
6.54} 6.63} 6.72) 6.80) 6.87) 6.84 
Ip-a, in.4]) 1069) 1130] 1190] 1251 1332) 1393 
rg-9, In, |) 5.67) 5.64) 5.61] 5.59) 5.57) 5.56) 5.54 
Weight, 

Lbs. per |/113.7/121.4 |129.0/136.7/144.3/146.5/154.2) 169.5) 194.8/202.4/210.1 


Foot 
Safe load values above zigzag line are for ratios of l/r not over 60, those below zigzag line are for 


ratios not over 120 l/r. 


COLUMNS 


a , 15 INCH CHANNEL COLUMNS—Continued 


Sare Loaps in THOUSANDS OF Pounps 


a 


a<-5-Ge oy 


Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under, reduced for 
lengths over 60 radii; see Construction Specifications. 


Weights do not- include rivet heads or other 
details. 


2-15 in. Channels, 2-18 in. Plates 


| ) 
eol|an|oelan| ao Sl ae gel @ an|an| f S| of ae) 
esl(e8\aos\as\as S3/ 23/33/23 \/23\/2s\43)/33/3. 
g8)/88(88/e5|s8)s3|s83/88|88| 83/83/88] 85/38 
BS | ae | 3h 8m | 3m 8a, 8™| 8a,| 8% | Sa) 2" | aa | ga] 88 
: : ; : ; Bay rene), | ire aes Prt et Br fl r= fs MS a 
O.9jO4 ons, Og 0-3/0 g/O08)/048 Ssl6a/GOFlGgibg Oe 
a : =o . far) Role! - © a2 : rags - 2 Piers acy O 
A ©] 20] O45 | OH] 0.4] 0 2 Bra] 2 9] OG .0} Os co | OQ: 
el cree eee nto em tates one) eer | a 
: 
ST A AT TS | Sa} S z ~~ 


64.73] 66.98] 69.23) 71.48| 73.73] 75.98) 78.23] 80.48) 82.73 89.48 


4 3221) 3387| 3556) 3727) 3900} 4076) 4255) 4436) 4619 5185 
r4-1,i0. | 7.05) 7.11] 7.17| 7.22) 7.27] 7.32) 7.87) 7.42) 7.47) 7.52). 7.57) 7.61) 7.70) 7.79 
Ig-o,in.4|| 1903} 1964} 2025) 2086) 2146) 2207) 2268) 2329} 2389) 2450) 2511) 2572) 2693) 2815 
ro-2,in. | 5.42) 5.42) 5.41) 5.40| 5.40) 5.39| 5.38) 5.38] 5.37|_ 5.37) 5.37/ 5.36] 5.35) 5.35 


304.2 


220.1) 227.7) 235.4, 243.0, 250.0; 258.3) 266.0, 273.6) 281.3 
‘oot ! 


Safe load values above zigzag line are for ratios of l/r not over 60, those below zigzag line are for 
ratios not over 120 l/r. ; 
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CARNEGIE STEEL COMPANY 


15 INCH CHANNEL COLUMNS—Concluded 


Sarge Loaps IN THOUSANDS OF PoUNDS 


-----> 
1 
‘ 


” 


15- 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60radii;see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


€=s--— 


2-15 in. Channels 
45 |b. 


2-15 in. 45 lb. Channels 


wo 
o 
— 
a 


2-20x3 Flange Plates 


Web Plates 
2-14x54 Web Plates 


0 x 214 Flange Plates 
Web Plates 


2-20 x 27% Flange Plates 


Web Plates 
2-14x5¢ Web Plates 


18x2 Flange Plates 


14x %¢ Web Plates 
-20x 17% Flange Plates 
-14x5¢ Web Plates 


4x% 


2-18x2 Flange Plates 
2 
1 


2-14x34 Web Plates 
2-14 x %6 Web Plates 
2-20x2 Flange Plates 
2-14x54 Web Plates 
-20 x 214 Flange Plates 
-14x5¢ Web Plates 
2-20 x 214 Flange Plates 
2-14x54 Web Plates 
-20 x 284 Flange Plates 
2-20 x 254 Flange Plates 
2-14x54 Web Plates 
-20 x 234 Flange Plates 


-14x 5% 
-14 x54 


9.) 
De 


2-18x2 Flange Plates 
2 
2 


2067 | 2132 


Hee 
DOD 
pores 
Noho bo 

areas 

seer 
a] 
to 


1612 
1612 y i 2| 2067 


1612 2067 
1612 2| 2067 
1612 2) 2067 
1612 2 | 2067 
1612 2 2067 


1612 2067 
1612 1872 2067 
1612/16 1872 2067 
1612 1872 2067 
1612 1872 2067 


1612 1872 2067 


1465] 1547) 1612 1872 2067 
1439] 1547| 1612 1872 2067 
1413] 1547/1612 1872 2067 


1387|| 1543) 1607 1863 2054 


1361] 1519) 1582 1834 2022 
1335] 1495) 1557 1805 1989 
1309] 1471)1532 d 1776 1957 
1283] 1447] 1507 1747 1925 
1257|| 1424) 1482 1718 1893 


114.23! 118.98] 123.98] 128.98| 133.98] 138.98| 143.98’ 148.98|153.98|158.98 


7300 | 7769 | 8251 | 8744 | 9251 | 9770 | 10301 
ty-1, in. d z ‘ : B 7.52 | 7.61 | 7.70 | 7.79 | 7.88 | 7.97] 8.05 
{o-9, in4 4573 | 4740 | 4907 | 5073 | 5240 | 5407 | 5573 
To-9, in, i : ‘i : ; 5.95 | 5.95 | 5.94 | 5.94 | 5.93 | 5.93 | 5.92 
Weight, 
ie per -5 | 438.5 | 455.5 | 472.5 | 489.5 | 506.5 | 523.5 | 540.5 

‘oot 


Safe load values above zigzag line are for ratios of 1/r not over 60, those below zigzag line are 
for ratios not over 120 1/r. 


288 


COLUMNS 


Adion da PLATE AND ANGLE COLUMNS 
Vv: 

Soka pe Sarge Loaps 1n THousanps or Pounps 
ae 4 1 

+B. 

2a Me Allowable Fiber Stress per square inch, 13,000 

Ss ie ounds for lengths of 60 radii or under, reduced for 
UE - engths over 60 radii; see Construction Specifications. 
al Weights do not include rivet heads or other 


12 


details. 


3 Web Plate 6 x 14 Web Plate8x4 Web Plate 8 x 546 Web Plate 8 x 8 
im o 
a we RSE Rares rarer. 
et * * iad e Al mt a ad * at * 4 lal o4 
fele|£/2/e] 2/2] 8] elelefelel- 
a ro 4 Pi | H Ww | x ro] “ “ * “ 
° = | ee | co oo | o = = = = | oH sf ot] oe 
2 /2/8/8/8/8/8/8/8/8l|alglalaia 
eb =) oD P) 1) oD ) ey) D oo eo 
fe /P LE (PIF (F/ 2/2/2212) 2/212 | 3 
s s sH ss s s =H st Pi —s baal ss sH bs] 
6 69 | 81 | 88 | 94 | 110 101 | 119] 125| 142/ 141/ 161} 168] 188} 208 
7 63 | 78 | 82 || 86 | 103| 101] 119] 125] 142] 141] 161] 168) 188} 208 
8 56 | 72| 76 || 79 | 95] 96/115] 120] 138 | 141 | 161] 168 | 188 | 208 
; Ee Wesabe 


10.94} 10.86 


6.74 


7.24 


7.76 


9.12 


9.62 


11-1, in4 | 34.3 | 391] 42.6 || 81.2 | 96.9 | 90.1] 107 |} 110] 127] 122) 141]) 148) 161) 178 
T1-1, in. 2.45 | 2.50 | 2.51 || 3.35 | 3.38 | 3.41 | 3.43 |] 3.38 | 3.40 | 3.35 | 3.36 || 3.33 | 3.34] 3.33 
g-9,in* || 6.2 | 10.3} 10.3 |] 10.3 | 12.9 | 16.0 | 20.2 || 20.7 | 24.9 | 30.3 | 36.3 || 37.2 | 43.5 | 50.2 
T2-9, in. 1.04 | 1.28 | 1.24 |] 1.19 | 1.23 | 1.44 | 1.49 || 1.47 | 1.51 | 1.67 | 1.71 || 1.70] 1.73 | 1.77 


19.6 | 21.5 


23.1 


24.8 


29.2 


26.4 


31.2 


32.9 


37.3 | 37.3 


42.5 


44,2 


Safe load values above and to right of upper zigzag line are for ratios of l/r not over 60, those 
between the zigzag lines are for ratios up to 120 1/r, and those below lower zigzag line are for ratios not 


over 200 1/r. 
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CARNEGIE STEEL COMPANY 


PLATE AND ANGLE COLUMNS—Continued 


Sarre Loaps in THOUSANDS OF PouUNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radil or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


Web+ 4” 


Prd a RL 


Web Pl Web Plate 
10 ir ‘e De Web Plate 10 x % 10 x Vp 


OxI46 
The 
ly 


4 Angles 5 x3lox 3% 
4 Angles 5 x3\x 
4 Angles 6x 4 x 3% 
4 Angles 6x 4x 
4 Angles "6x4x 
4 Angles 6 x 4 x%w 
4 at x4x 5 


4 Angles 3 x2¥ox 4 


4 Angles 31x21ox546 
4 Angles 4 x 3 x546 
4 Angles 4x 3 x 3 
4 Angles 4x 3x 3 
4 Angles 4 x 3 x%e6 
ye 6x4x% 


4 Angles 314x214x54¢ 


341|370 
341/370) 
341) 370) 
341/370 
341/370 


a 


NI] 
wo 


99|107125 
11071125). 


341/370 
341) 370 
341/370 


226 
218 


180 209 
170) 201 


147| 164 


in.?|'7.74| 8.26] 9.62 15.23) 15.95] 17, . 7 .75}| 24.00) 26.24) 28:44 


in.4|| 134) 148) 176 267| 279 412| 451] 489 
: : AT} 4.19] 4. 5 : : 20 |} 4.14] 4.15 | 4.15 
30.3 | 36.3 43.5 165 | 186] 206 
1.62 | 1.67 1.69 . . .65 || 2.62 | 2.66 | 2.69 


26.5) 28.1) 32.9)| 35.0 | 89.4 | 44.6 |) 46.8 | 52.0 | 54.4] 60.8 | 62. 81.8 | 89.4 | 97.0 


Safe load values above and to right of upper zigzag line are for ratios of l/r not over 60, those 
betes a Teme lines are for ratios up to 120 l/r, and those below lower zigzag line are for ratios 
not over Mm 
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COLUMNS 


PLATE AND ANGLE COLUMNS—Continued 


Sarge Loaps In THousanps or Pounps 


—- 
! 


Allowable Fiber Stress per square inch, 13,000 
pons for lengths of 60 radii or under, reduced for 
ngths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 


Web + 14” 


ee oe 


lo details 
| Web Plate || Web Pl. | 
:. ax te lieois|| Web Plate 12 x34 Web Plate 12x 4 [Feo St 
ros re are es et SE ee ee ee eS | = g/ 44 
a2 Isl[slslislelxlelelsle[slslelsislsl sis 
Ss fle | Re] RR] ww] oe] Se] oe |e] | ed ew ow 
RN | S| oo Hoe | co ff co | RY RR | me] me ff me fe fe fe em 
S| hn ele pa Kw | HK mM] be] wm] we] a Pea PeeS Ie eel ibaa] bd 4 4 
o |S lolt it [ te] epepeloletolelel[olo] of o 
~ 2 |2|S|/si sisi slsiz\sis\slslsisisial sia 
co | to | “eb |] “GD | “Gb |] eb | “Eo | “ed | Gd | “eo | “eb |] “Gd | “SD | “ED ep |} “eo |) “en 
SS eles a S| ee S Sse) aia ai aya 
je fmf me fm fe fw fe | we | we fe we ee | 
6 {114 132/148]157|178)|187|217,242 266276 305/325|354/383' 411/439] 458||478 
Ef 1112/132)148'157/178]187/217|242|266|276)305/325|354/383/4111439|| 458] 478 
8 104 123]148]157|178 187/217|242/266/276)305)1325/354/383)414|/439] 458] 478 
9 96)115|140)147\169]/177|217|242|266)276|305/325|354/383)4111439]| 458] 478 
10 89)106)131)138)159/}167 217/242, 266.276 305/1325/354/383/41 11439] 458] 478 
11 81] 98/123]]129)149]/156/210237|2641276)305/325|/354/383)41 1/439] 458) 478 
12 73) 89)114))120)139))/145)201/226/252]276|305'3251354/383)41 1/439] 458] 478 
13 65) 80)106/)111)129)134)191/215/241|274 305/323 354/383/411/439 458] 478 
14 59) 72] 97)101/119]/124'181|205|229|264/295|/312|342/373/403/433] 451|/469 
15 55] 67] 89! 92 109//113)171)194/218/254/284/300)330'359/389/418] 435) 452 
16 52) 63|_SOj 84199) 102)162/184|206/244/274/288)317/346/375/403)| 419] 436 
17 48] 58) 76)) 79] 92\\-96]152/173/195/234|263]277/305/333)/361/388]] 404 420 


18 44) 54| 71} 75) 87]) 91]142)162|184/224/252)265|292/319)/347/373]| 388] 403 
19 40] 50) 67|| 70) 82) 85]132)152)172/214/241/'253)/280/306)333)358] 372) 387 
20 36) 45] 63] 65) 77] 80)123/141)161/204|230/242/267|293/318)34.4] 357|| 370 


21 32) 41] 59] 61) 72!) '75)115]130)149|194|220]230|255|279/304/329) 341 354 


22 || 28] 37] 55] 56) 67]) 69|110)125|141]184|209]218|242/266|290|31.4| 325 338 
23 33} 50] 52] 62i| 64105/120135|174|198|207/230|253|276|299] 310/321 
24 46| 47| 57|| 58|100|114/129]164|187]195/217|239|262/284] 294/305 
25 42] 42] 52] 53] 95/109)123|1551176)183/204|226248)269| 278] 288 
26 38] 38] 47] 48] 91/104/118|147]166]173}192)213|234}254|| 262) 272 
27 42 86| 98|112|142/160)167|185|203|220/239] 247[ 256 
28 81| 93/106|137|154|162|179|196|213/230| 239) 248 
29 76| 88|101/132|149] 156|173/189|206|223] 231| 240 
30 71| 82} 9511271143)150'166|183)1991215| 223] 232 


Area, in.2 || 8.76{10.12/14.36|| 12.11113,67)|14.42116,70118,62\20.50121.22128,50|/25,00127,24129.44131.60133,761| 35,26)| 36.76 


Ty-1,in.4 || 222) 264} 295] 304} 350!) 359] 421] 476) 526) 544) 605) 623) 683) 741) 794) 849) 867)| 885 
11-1, in. || 5.04) 5.14) 5.09) 5.04) 5.06/] 4.99] 5.02) 5.05) 5.07] 5.06) 5.07] 4.99) 5.01} 5.02) 5.01) 5.01)) 4.96) 4.94 
Ig-9, in |} 16.0) 20.2} 29.6) 30.3} 36.3)) 37.3) 70.6) 82.3) 94.6) 139) 160) 165) 186) 206) 228) 249) 257) 266 
To-9,in. |} 1.35) 1.44) 4.61)) 1.58) 1.63) 1.61) 2.06) 2.10) 2.15) 2.56) 2.61) 2.57) 2.64) 2.65) 2.69) 2.72) 2.70)) 2.69 


Weight, mee ora ar 
ae per || 29.8) 34.6] 39.0|| 41.6} 46.8) 49.3) 56.9) 63.3) 69.7) 72.5) 80.1!) 85.2) 92.8/100.4/107.6) 114.8) 119.9)) 125.0 
oot 
Safe load values above and to right of upper zigzag line are for ratios of I/r not over 60, those | 
between nee lines are for ratios up to '120 1/r, and those below lower zigzag line are for ratios not 
over 200 1/r. 
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CARNEGIE STEEL COMPANY 


PLATE AND ANGLE COLUMNS—Continued 


Sarge Loaps in THOUSANDS OF Pounps 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


Web Plate 12 x % Web Plate 12x 4 I Web Plate 12 x 54 
| 
| 
| 


14x % 
4x% 
14x & 
ee ee 


4 Angles 6 x 4 x Ko 
4 Angles 6 x 4 x 5¢ 


4 Angles 6 x 4 x The 
2 Plates 
4 Angles 6x 4x 4 
2 Plates 
2 Plates 
2 Plates 


Iy-1,in4 
Fi1-i, 1. 
T2-o,in.4 
Po-2,1n. 


Weight 
Lbs. per 
Foot 
Safe load values above and to right of upper zigzag line are for ratios of I/r not over 60, those 
berceneaee lines are for ratios up to 120 1/r, and those below lower zigzag line are for ratios not 
over 2001/r. 
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COLUMNS 


PLATE AND ANGLE COLUMNS—Continued 


Sarg Loaps in THousanps or Pounps 


_Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 

Weights do not include rivet heads or other 
details. 


Web Plate 12 x 5¢ Web Plate 14 x 34 


14 x Yio 


14x 2 


4 Angles 6x 4 x % 
4 Angles 6x4x% 


2 Plates 
2 Plates 


220 
214 
667) 194 | 208 
638] 188 


86.94 


3721 
6.54 
1128 
3.60 


Weight, 
Lbs. per i 236.4 | 248.3 | 260.2 295.9 | 102.8 | 110.8 | 118.4 | 124.3 | 130.3 
Foot 
Safe load values above and to right of upper zigzag line are for ratios of |/r not over 60, those 
between zigzag lines are for ratios up to 120 1/r, and those below lower zigzag line are for ratios not 


over 200 1/r. 
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267 | 282 


260 | 275 


CARNEGIE STEEL COMPANY 


PLATE AND ANGLE COLUMNS—Continued 


Sarge Loaps In THOUSANDS OF Pounpbs 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 


details. 


Web Plate 


x5 
14x% 


4 Angles 6 x 4 
2 Plates 


4 Angles 6 x 4 x & 
14 x &% 


2 Plates 


| 643 | 691 


624 | 675 
606 | 655 
587 | 635 
568 | 615 


549 | 596 
530 | 576 
511 | 556 
493 | 536 
A474 | 517 


455 | 497 
436 | 477 
417 | 457 
399 | 438 
380 | 418 


361 | 398 


[345 1378 
336 | 365 
326 | 356 
317 | 346 


Web Plate 14 x54 


Area, in.2 


Ty-1, in 
Ty-1, 10. 
To-2, in4 


T9-2, in. 


Weight, 
Lbs. per 
Foot 


40.00 | 41.75 


1749 | 1857 
6.61 | 6.67 
417] 446 
8.23 | 3.27 


136.2 | 142.2 


1885 | 1970 
6.58 | 6.56 
451) 472 


3.22} 3.21 


148.1 | 155.7 | 163.3 


49.69 | 53.19 


2081 
6.47 

499 
3.17 


60.19 | 63.69 | 67.19 | 70.69 


2764 | 3006 | 3255] 3512 
6.78 | 6.87 : : 
671} 728 

3.34 | 3.38 


169.3 | 181.2 | 193.1 


205.0 | 216.9 | 228.8 | 240.7 


Safe load values above and to right of upper zigzag line are for ratios of l/r not over 60, those 
between the zigzag lines are for ratios up to 120 l/r, and those below lower zigzag line are for ratios 


Bot over 


200 l/r. 
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COLUMNS 


PLATE AND ANGLE COLUMNS—Continued 


Sarge Loaps 1n THousanps or Pounps 


Allowable Fiber Stress per square inch, 13,000 
poe for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


Web 


Web Plate 14 x 54 


Effective Length in Feet 


1055} 1101 
1055] 1101 
1055 | 1101 
1055/1101 
1055}; 1101 


1055} 1101 

1055] 1101 

998} 1046 | 1095} 1144]1198 

971 | 1018} 1067 | 1114} 1198 
991 | 1038 | 1084 | 1198 | 1250] 1308 | 


963 | 1010] 1055 | 1174 1277 
981 1146 
953 


Area, in.2)| 74. dl : 84.69 | 88.19 | 92.19 | 96.19 F 19 | 109.19 | 113.19 


Ty-1,in4 7} 4615] 4910} 5120} 5457 6187 | 6552 
1-1, in. & é a 7.38| 7.46] 7.45 | 7.53 “4 : 

To-9, in.4 1071| 1128) 1493] 1579 
T9-9,in, z i : 3.56 | 3.58 | 4.02 | 4.05 : ; 4.01} 4.03 


Weight, 
Lbs. per : : 4 | 288.3 | 300.2 | 313.8 | 327.4 : 8 | 371.4 | 385.0 


Foot 

Safe load values above and to right of upper zigzag line are for ratios of 1/r not over 60, those 

between the zigzag lines are for ratios up to 120 l/r and those below lower zigzag line arefor ratios 
not over 200 I/r. 
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CARNEGIE STEEL COMPANY 


PLATE AND ANGLE COLUMNS—Concluded 


Sarg Loaps 1n THOUSANDS OF PouNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radil or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


Two Web Plates 14x 14 | Two Web Plates 14x 54 


7) 
56 
8 


x 
2% 


x 4% 


x 


6 
x 
18 x 2% 


4 Angles 8 x 6 x & 
16.x 2 

4 Angles 8 x 
8 

4 Angles 8 x 6 x & 

2 Plates 

4 Angles 8 x 6 

2 Plates 20 x 25% 


. 2 Plates 
2 Plates 


2157 | 2222 
2157 | 2222 
2157 | 2222 
2157 | 2222 
2157 | 2222 


2146 | 2214 
2107 | 2175 
2068 | 2135 
2029 | 2095 
1991 | 2055 


1952 | 2016 
1913/1976 
1874 | 1936 
1836 | 1896 
1797 | 1857 


141.94 E E i 165.94 | 170.94 


8415 
7.70 
3074 
T2-2, in, i ‘ 4 4.65 
Weight, 
Lbs. per 482.9 
Foot 


Safe load values above and to right of zigzag line are for ratios of 1/r not over 60, those below 
zigzag line are for ratios not over 120 l/r. 
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COLUMN DETAILS 


TYPICAL COLUMN DETAILS 


Simplicity in details is essential to 
economical construction. To eliminate 
bending or secondary stresses, it is 
desirable in making designs and details 
that loads be transmitted from beams, 
girders and trusses to columns directly 
and with the minimum number of 
connecting pieces, rivets, or bolts, and 
that the rivets or bolts be stressed in 
shear or bearing only. 

The column connections shown on 
this page and the two pages which fol- 
low represent the best modern practice | 
and conform to these fundamental 
conditions and cover the range of 
cases met with in ordinary mill and 
office building construction. 

Where columns rest on steel slabs 
or castings, the loads are transmitted 
directly into the footing, and shoe 
angles may be provided for proper 
anchorage. Where they rest on 
masonry, gusset plates may be re- 
quired to distribute the load. 

Columns should be milled to accu- 
rate bearing at joints, with splice plates 
sufficient to hold the sections in line 
and to resist bending stresses. Horizon- 
tal bearing plates must be used between 
column sections of different forms or 
general dimensions. Rivet spacing in 
column shafts and at beam connections 
should be uniform to permit the use of 
multiple punches; spacing should be 
in multiples of one-quarter inch. 

Erection requirements should not 
be overlooked; beams should frame 
with ample clearances, particularly to 
column webs, and rivets should be 
countersunk or flattened where neces- 


MILL BUILDING COLUMN sary to swing beams into position. 


© 0 C000le+ « eo 


oo 


QQ 0 00 


o]o000 00 0 


cores 
a 
a 
cas 
[So ovoKl 


lo 
lo 
Ce} 
° 
C) 
° 
° 
° 
}o 
Ke) 
° 


©8292 02900 0 800 OOOO*O 
© © © 0 9 0 00 oeoolo00'0 


a 
Hho, 
Hb oO 
° 
ia) 
IIko 


297 


CARNEGIE STEEL COMPANY 


TYPICAL COLUMN DETAILS 


Orrice BuILDING CONSTRUCTION 


ojJo0900000 0 0 0 0 


fe} 
foxe) 
foke) 


lop}Jo00G0000 0 0 O 
e]00090000 00 0 0 


TYPICAL ANGLE COLUMN TYPICAL ANGLE COLUMN 


Bearing on Masonry Bearing on Steel 
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COLUMN DETAILS 


TYPICAL COLUMN DETAILS 


OrricE BuitpINnGc ConstTRUCTION 


i ° | 


© 0 0 0 oO|00 


it 


TYPICAL SPLICE 


Angle Column to Channel Column 


oo 90 0 


° 


00 0900/0000 
lewee 
900 00/0000; 


WP af 
fan ol 
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TYPICAL SPLICE 


Angle Columns, different sizes 


Qo 9 0 Oo Ofpicg] 
9 0 0 0 Ofoloo} 


eee 


oo CcOojo00o} 


Nee 0) 9-0) 50 
° beeee 
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TYPICAL CHANNEL COLUMN — TYPICAL SPLICE 


Bearing on Steel Channel Columns, different sizes 
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CARNEGIE STEEL COMPANY 


CAST IRON COLUMNS 
ALLOWABLE UNIT STRESSES IN PoUNDS PER SQUARE INCH 


By New York ‘Burtpine Law, 1917 


9000-40 l/r lbs. per square inch 


a 
I/r Lbs. per Sq. In. l/r Lbs. per Sq. In. | l/r | Lbs. per Sq. In. 


0 9000 30 7800 | 51 6960 
10 8600 31 7760 52 6920 
11 8560 32 7720. | 53 6880 
12 8520 33 7680 54 | =~ 6840 
13 8480 34 7640 | 55 6800 
14 8440 35 7600 56 | 6760 
15 8400 36 7560 sy. 1) Sera 
16 8360 37 7520 | 58 6680 
17 8320 3h oly 74804 FI 59 6640 
18 8280 39 7440 60 6600 
19 8240 40 7400 | 61 6560 
20 8200 41 7360 62 | 6520 
21 8160 42 7320 63 6480 
22 8120 43 7280 | 64 6440 
23 8080 44." | 726008) 65 6400 
24 8040 45 7200 | 66 6360 
25 8000 46 7160 67 6320 
26 7960 47 7120 68 6280 
27 7920 | 48 7080 69 6240 
28 7880 49 7040 70 6200 
29 7840 50 7000 


} | 


The safe load for a cast iron column of given dimensions is determined 
from the above table by obtaining the ratio of 1/r and multiplying the correspond- 
ing unit stress by the sectional area of column. 

Example:—Required the safe load of a cast iron column, 15 inches square, 
¥% inch in thickness, and 16 feet long. 

From table of Hollow Square Sections, page 179, the radius of gyration 
is 5.78 inches and the sectional area is 49.44 square inches; hence the ratio of 
l/r 16x 12 + 5.78 = 33.2, corresponding to a stress of 7672 pounds per square 
inch, giving a total safe load of 49.44 x 7672 — 379300 pounds. 

The minimum size of a cast iron column of a certain length to safely 
support a given load is determined as follows: 

Divide the length in inches by 70; the quotient is the minimum allowable 
radius of gyrationrequired. Divide the total load by 6200 pounds; the quotient 
is the minimum sectional area. 

Example:—Required the minimum size of a round cast iron column, 20 
feet long, to support a load of 235000 pounds. 

The minimum radius of gyration is 20 x 12 + 70—=3.43 inches; the minimum 
area is 235000 = 6200 = 37.90 squareinches. From table of Hollow Round Sec- 
tions, page 178, the nearest minimum size for this radius of gyration and this 
area is found to be a column 11 inches in diameter and 114 inches in thickness. 
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ROUND CAST IRON COLUMNS 


ALLOWABLE Loaps IN THOUSANDS OF POUNDS 


By New York Building Law, 1917 
Weights do not include details 


(a 
aie Weight 
Thick-| , ea, | per peel 


ness, 
Inches /Bches*| Foot, | Taches 12| 14| 16/18] 20] 22] 24 


Effective Length of Column in Feet 
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SQUARE CAST IRON COLUMNS 


ALLOWABLE LOADS IN THOUSANDS OF POUNDS 


By New York Building Law, 1917 
Weights do not include details 


Outer | Thick- feti Weight Toast Effective Length of Column in Feet 
Width,| ness, |77cpese| Foot, (Radius, F Seale } 
Inches| Inches Pounds Inches} 8 | 10] 12) 14/16) 18 | 20 | 22 |24 26 | 28 
| 
4% | 11.00) 34.4] 2.26 | 80) 76) 71 | 
6 5% | 13.44) 42.0/ 2.21 | 98] 92) 86 
84 | 15.75] 49.2) 2.17 |114|107)100 | | | 
% | 17.94) 56.1| 2.12 |129)121)113 | 
54 | 15.94] 49.8) 2.62 |120)114)108) 103) | 
7 34 | 18.75| 58.6] 2.57 |141}134|127) 120) 
% | 21.44] 63.9) 2.53 | 153]145/137) 130 | 
1 24.00) 75.0) 2.48 |179|/170}160/151 | 
8 | 21.75| 68.0) 2.98 |168/161|154/ 147/140 
8 ¥% | 24.94) 77.9| 2.93 |192|184)175)| 167/159 
1 28.00] 87.5) 2.89 |215|205/196 | 187/178 
1% | 30.94] 96.7 | 2.84 |237/226|216| 205/195 
% | 27.44| 85.8] 3.34 |215)208)200| 192/184 176 
9 1 32.00| 100.0 | 3.29 | 251|241/232/223|213 204 
1% | 35.44/110.8 | 3.25 | 277/267 |256 | 246 | 235) 225 
1} | 38.75)121.1| 3.21 |302/291/279|268 256 244 
1 36.00/112.5 | 3.70 |287|277/268| 259/249) 240/231 
10 1% | 39.94|124.8 | 3.65 |317|307/296 | 286 | 275 265/254 
14 | 43.75|136.7 | 3.61 |347|336/324|312|301) 289|277 
1% | 47.44/148.3 | 3.57 |376/363/350/338 325) 312/299 
1¥% | 44.44/138.9| 4.06 |358)347/337 326|316) 305) 295) 284 
eT 144 | 48.75|152.3 | 4.01 |392/380/369 357/345) 334) 322/310 
1% | 52.94/165.4| 3.97 |425)412|400|387|374, 361|348|336 
1% | 57.00|178.1| 3.93 |457|443/429 | 416) 402) 388/374) 360 
11% | 53.78)168.1| 4.42 |437)/426|414/| 402/391) 379 | 367/|356 344 
12 1% | 58.44|182.6| 4.37 |475|462|449| 436 | 423) 410/398 /385|/372 
14% | 63.00|196.9 | 4.33 |511)497|483 | 469) 455) 441|/ 427/413 /399 
154 | 67.44}210.8 | 4.29 |547/532|/516)|501/486) 471) 456/441 |426 
1% | 63.94)199.8| 4.78 |524|511/498/486 |473) 460/447 |434|421/409 
13 14% | 69.00|215.6| 4.74 |565|551|537 |523|509) 495/481 | 467 |453/4389 
154 | 73.94/231.1| 4.69 |605|590|575| 560/544) 529/514|499|484/469 
134 | 78.75|246.1 | 4.65 |644/627|611|595)| 579) 562) 546|530/514/497 
1% | 75.00|234.4| 5.14 |619/605|591|577 | 563) 549/535) 521|507|493|479 
14 15% | 80.44|251.4| 5.10 |663|648|633|618|603) 588) 572) 557 |542/527|512 
134 | 85.75|267.9| 5.05 |707|/690|674/| 658/641) 625/609 |593|576|560|544 
1% | 90.94|}284.2| 5.01 |749)731|714| 696/679) 662) 644) 627 |609/592|574 
15% | 86.94/271.7 | 5.50 |722|707|691/676| 661) 646|631/616/600|585|570 
15 134 | 92.75) 289.8 | 5.46 |769|753)737|721|704| 688] 672|655|639|623|606 
1% | 98.44|307.6| 5.41 |816/799|782| 764/746! 729|711|694/676/659|642 
2 |104.00|325.0| 5.37 |862|/843/824|806|787| 769|750|731|713|694|676 
1% | 99.75/311.7 | 5.86 |832|816|800| 783 |767| 751| 734) 718|702/685|669 
16 1% |105.94/331.1| 5.82 |884/866|849/831/814| 796/779) 761|744/726|709 
2  |112.00|350.0| 5.77 |934|}915|896|878| 859) 840) 822/803 |785|766|747 
. 2% |117.94|368.6| 5.73 |982|963/943! 923/903) 883| 864/844 |/824|804|785 
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FLOORS AND FLOOR LOADS 


Kinds of Loads. Two kinds of loads are carried by structures. 
Live loads consist of the weight of carriages, cranes or other handling 
devices and their supported loads, machinery, merchandise, persons 
or other moving objects, the support of which is the purpose of the 
structure, including also wind stresses. Dead loads consist of the 

_actual weight of the structure itself with the walls, floors, partitions, 
roofs, and all other permanent construction and fixtures. The 
dead loads stress the structure at all times and it must, therefore, 
be proportioned to sustain them at all times without reduction. 
The live loads may be taken at their full values or reduced in 
accordance with the probabilities that the structure as a whole 
or its principal members will not be subject at all times to the full 

theoretical live loading. | 


Dead Loads. The permanent load should be calculated from 
known weights per unit of the material composing floors, partitions, 
walls, or other permanent construction. The weight assumed for 
the steel frame itself should be checked after the sections are 
determined and then the sizes readjusted if necessary. 


Live Loads. Live loads vary with the character of the struc- | 


tures. In buildings they consist of uniform loads per square foot 
of floor area, concentrated loads, such as heavy safes, which may 
be applied at any point of the floor, and uniform loads per lineal 
foot of beams or girders. The load which produces the maximum 
bending moment or reaction is to be used in proportioning sections. 
The floor system between beams must of course be of sufficient 
strength to transmit any concentrated load to the beam. 


In cities the minimum live loads to be used on the various classes 
of buildings are fixed by public ordinances, and are given on page 
304 for the principal cities of the United States in accordance with 
the most recent building laws, which are intended to cover general 
conditions and do not include machinery or other concentrations. 
If such concentrations, like safes, armatures, generators, or printing 
presses, occur on floors, special provision should be made for them | 
in the floor framing. Flat roofs of buildings which may be loaded 
with people, should be treated the same as floors and the same 
uniform live loads used as given in the table for dwellings, hotels 
or assembly rooms. 
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FLOORS AND ROOFS 
Minimum Live Loaps, Pounps PER SQUARE Foor 


By Building Laws of Various Cities 


= 3 7 wT 3 

ad = = #, <3 2 | ‘S 

K fe} fies | “e = 
rie pate, on~ ao | Ba -S Bo ao So] gx at 
Description of Building Pi 2S Sa | 8a | #5 [38 | 82) 25 | 85 
Ero an ee = ae | 5m [art | 2-4 o= 

. o = ad — = | 

Zz a |& lO ja lm (6 


Floors for Rooms | / | | 
Apartmentsand Dwellings.) 40 40 70 | 50 50 70a, 60 | 50 


40 
Asylums, Hospitals, etc...|100 | 50 | 70 | 50 50c | 70 | 40 
Detention Buildings, etc..| 100 | 50 | 50c 80 | 60 
Factories: | | 
Light manufacture..... | 120d 100d 120d) 100d 125d, | 125d 125d 100d 
Heavier manufacture... — | 150d 150d 250d) 75d 150d 
Hotels, Lodging Houses..| 40 | 50 | 70 50 50c 70 | 60 70) 40b 
Office Buildings, etc......| 60 50 |100 | 60b) 75b) 7Ob 75b; 70 50b 
Public Buildings: | 
Municipal Buildings.... 100 75c 100 | 100 
WhULCHES See eee 100 | 100 | 120 75 |100 | 80 75 |125 | 100 
Libraries, Museums. .. . | 100 |} 100 | 125 200 
Theaters. . ...|100 | 100 | 120 | 100 | 100 80 | 75 |125 | 100 
Schools, Colleges, ete i 5 ae 5 | to} 5070 75 70 | 60 
Stores, light goods....... | 120 | 100 | 120 | 100 | 125 | 100b) 125 | 125 | 100 
a heavier goods.... . | 150 | 150 | 250 | £25 50 
Warehouses: ?cti.tecner ls 150 | 150 | 250 250 | 200 | 150 
Floors for Assembly Halls, ete. : 
Auditoriums, fixed seats.. 100 | 100 120 | 100 |100 | 80 | 75 |125 100 
movable seats | 100 | 100 | 120 | 100 | 100 | 125 | 125 | 125 | 100 
Armories, Dance Halls,etc. | 100 | 100 100 | 150 | 150 | 150 
Miscellaneous 
Garages, Stables.........|120 | 100e 100 | 150e) 150e) 100 75 
Corridors, Hallways. . . | 100 | 100 100 75f| 70g 80g 
Stairways, Fire e Escapes. 100 | 100 100 75f| 100h 80g 
Sidewalks. . on | 300 250 | 200 | 200 300 
Roofs: 
Flat, slope up to 20° G4) 40 25 30i| 30 40 351} 40 50k) 25 
Steep, slope over 20° C6) 30 | 25} 30i 25j| 301} 20 | 50k| 25 
Wind Pressure. oe 301) 20 30m) 30 |10-20n} 200) 30 25 20p 


a Dwellings, Cleveland, 60. 
b First floors: St. Louis, 100; Boston, 125; Cleveland, 125; Baltimore, 150; Cincinnati, 100. 
¢ Public floors of Hospitals, Hotels, Public ‘Buildings, ete.: Boston, 100. 
d Floor loads do not include the weight or the impact load of ae 
e Garages, private: Chicago, 40; Boston, 75; Garages; public, upper floors: Cleveland, 100; 
Stables: Cleveland, 80. 
f Corridors, stairways, etc., for Assembly Halls, Armories, etc.: Boston, 100. 
g Except in Dwellings where floor loads are less. 
h Stairways, etc., for Apartment Houses, 80; Dwellings, 60. 
i Loads per square foot of superficial roof area; other roof loads are for the projected area. 
j Loads include Wind Pressure: 10 pounds up to %% slope, 15 up to 4 slope, 20 over 14 slope. 
k Dead and live load; snow load 25 pounds, reduced 1 pound each degree between 20° and 45°. 
1 For buildings over 150 feet high, or where height is over 4 times least horizontal dimension. 
m Wind pressure for high buildings in built-up districts: 25 pounds at tenth story, 244 pounds 
less for each story below and 214 pounds more for each story above, up to 35 pounds. 
n For buildings 40 feet high, 10 pounds; up to 80 feet, 15 pounds; over 80 feet, 20 pounds. 
o Wind pressure on curtain walls, 30 pounds. * 
p For buildings over 100 feet high, or where height is over 3 times the average width of base. 
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Reduced Live Loads. Floor beams in buildings should be computed 
to sustain floor by floor the full live and dead loads. It is not 
probable that all the floors will be fully loaded at all times, and, 
therefore, good practice permits a reduction of the theoretical live 
load in the computations of column sections. The New York and 
Pittsburgh building laws do not permit any reduction on columns 
supporting the roof and top floor. These building laws permit for 
buildings more than five stories in height on columns supporting 
each succeeding floor a reduction of 5 per cent of the total live floor 
load until 50 per cent is reached, which reduced load is to be used 
for the columns supporting the remaining floors. Pittsburgh build- 
ing law, however, does not permit any reduction of live floor loads 
over 150 pounds per square foot (bulk storage). The Chicago 
building law requires columns to sustain the full live load on 
roofs, 85 per cent of the full live floor load on the top floor with a 
5 per cent reduction on each succeeding floor down to 50 per cent. 

When the character of the loading will permit, it is also considered 
good practice to reduce the live load on the main girders to which 
the primary supporting beams are framed. The anfount of the 
reduction will depend on the probable distribution of the loads. 

Foundation Loads. Footings should be so designed that the loads 
they sustain per unit of area shall be as nearly uniform as possible, 
and the dead loads carried by the footings should include the actual 
weight of the superstructure and foundations down to the bottom 
of the footing. The live load should be assumed to be the same as 
the live load in the lowest tier of columns or in the footings under 
walls. According to the proposed New York building law, the 
area, of the footing which has the largest percentage of live load to 
total load shall be determined by dividing the total load by the 
unit working stress. From the area thus calculated all the other 
footings of the building shall be proportioned according to the 
ratios of their respective dead loads only. Im no ease shall the 
load per square foot under any portion of any footing due to the 
combined dead, live, and wind loads, exceed the safe sustaining 
power of the soil upon which the footing rests. 

Fireproof Floor Systems. A modern office or mercantile building 
is essentially a steel framed structure which supports the dead load 
of the building and its contents and is itself protected on all sides 
by refractory materials. The floors are made fireproof by the use 
of terra cotta tiles or arches or of a composite flooring made of 
concrete or reinforced concrete. While brick arches may still 
be used in special locations where great floor strength is needed, 
and concrete arches are sometimes thrown between the beams, 
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modern practice is limited substantially to the hollow tile arch 
sprung between the beams and the reinforced concrete slab laid 
on their tops, the ceiling construction being modified to suit. 
Each system has advantages of its own. 


Terra Cotta Arches. Hollow tile arches fill the total depth of the 
floor beams, and, therefore, tend to stiffen and brace the building; 
their weight per square foot is light as compared with other forms 
of fireproof floor construction of equal strength. Hollow terra 
cotta floor arches are made either flat or segmental. The segmental 
arch will develop much greater strength than the flat arch of the 
same width and depth, and may be designed to carry a given load 
with tile of less. depth than flat arches. They are, therefore, | 
more economical, though not always acceptable from the stand- 
point of architectural appearance. In office buildings the ceilings 
under such arches are usually suspended. A correctly designed 
and constructed flat arch will always parte the full strength of 
the steel beam which supports it. 


When arch blocks are the same depth as the beams, they are 
usually laid to project 14% inches below the bottom of the beams, 
and the space above the arch is filled in either with cinder concrete, 
in which can be laid pipes, conduits, and wooden nailing strips 
supporting wood flooring, or with thin terra cotta blocks made for 
this purpose, or with a layer of plastic composition of cement, 
which torms the wearing surface for the floor. 


Thrust of Floor Arches. All forms of terra cotta arches produce side 
thrust on the floor beams. In the flat arch the blocks have tapered 
faces and the central block or key wedges the others together; in 
the segmental arch the thrust is that due to all arch action. These 
thrusts it is found necessary to counterbalance by means of tie rods 
which connect the floor beams and relieve them from the tendency 
to deflect sidewise. In the central bays, owing to the action of 
adjacent arches, the tie rods are sometimes omitted, but it is 
necessary to investigate outer beams and channels around openings 
for additional thrust stresses so that the combined fiber stresses 
produced by vertical loading and horizontal thrusts may not be 
excessive. With flat arches 34 inch tie rods spaced apart not over 
fifteen times the width of the beam flanges will usually be sufficient. 
The total thrust of arch, the net area of tie rods required, the maxi- 
mum distance between tie rods and the section of outer beams for 
any condition, may be found as follows: 
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Let 
w = unit load on arch, in pounds per square foot. 
D_ = distance of arch span, in feet. 
LL = length of floor beam supporting the arch, in feet. 
R_ = effective rise of arch, in inches. 
p = thrust of arch per lineal foot, in pounds. 
P = total thrust of arch per panel, in pounds. 
A = total net area of tie rods per panel, in square inches. 
a = net area of one tie rod, in square inches. 
T  =spacing of tie rods, center to center, in feet. 
f = allowable combined fiber stress, in pounds per sq. inch. 
Si-1 = Section Modulus of beam, axis 1-1, in inches’. 


Se-2 = Section Modulus of beam, axis 2-2, in inches?. 
Mi-1= Bending Moment for vertical loading, in inch pounds. 
Mo-2= Bending Moment for arch thrust, in inch pounds; then— 
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In formula given for Me.2, the beam is considered continuous, 
supported at intervals by the tie rods. In segmental arches the 
effective rise is equal to the vertical distance between highest point 
of concave surface and springing line or chord; the effective rise of 
a flat arch may be taken at 2.4 inches less than the arch depth. 

The allowable combined fiber stress in tie rods should not exceed 
16,000 pounds, and tie rods should be placed in line of thrust, usually 
3 inches above the bottom of the beam. 


The net areas of usual sizes of tie rods are as follows:— 


% 34 


Diameter of Rod, Inches 


bugs: 


0.302 0.420 


Net atea, a, square inches....... 
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Exampuiy.—A floor panel 18 feet by 6 feet, of 12 inch flat terra cotta blocks, 
is to support a uniform live and dead load of 150 pounds per square foot. 
Required the total thrust, total area of rods per panel, maximum spacing 
of rods, and the proper size beam to carry one-half of the panel without other 
lateral support than the tie rods. 

Entire panel load is 18x6x150—16,200 pounds. Assuming a beam, 12 inch 
31.8 pounds, and 34-inch tie rods, then— 

? 3x150x6? 

Thrust of arch per lineal foot, p * ais a 844 pounds. 

Total thrust of arch, 844x18 = 15,200 pounds. 

15,200 

16,000 
0.302x16,000 

844 
3x150x6x18? 
4 
Bending Moment, horizontal thrust, Mo-. = 844x5.75? = 27,900 in. Ibs. 


218,700 , 27,900 
36.0 aT 3.8 


Total area of tie rods, = 0.95 sq. inches. 


Maximum spacing of tie rods, Ah 5.75 feet. 


Bending Moment, vertical loading, M,-; = 218,700 in. lbs. 


Combined fiber stress in tie rods, f = 13,420 lbs./in.? 


If tie rods are spaced 6’-0’’ centers, then 
Bending Moment, horizontal thrust, Mo-» 844x6? = 30,400 in. lbs. 


_ 218,700 , 30,400 


Combined fiber stress in tierods  f mee ee Sa 14,080 lbs./in.? 


MAXIMUM SPACING OF 34 INCH TIE RODS, 


LoApDS OF 100 POUNDS PER SQUARE Foor 


Effective Rise of Arch, R, in Inches 


ewan 


6 
5 
Pa) 
2 
2 


For any other loading, multiply tabular values by 100 and divide 
by total new load per square foot. 


The tables which follow give the weights per square foot for terra 
cotta arches, both flat and segmental, of various depths, their area 
in square inches, and the safe loads they will sustain on various 
spans. These tables should be used as a general guide only, as 
conditions may make it possible to design more economical arches 
for a given load than indicated by the tables. Where a paneled 
ceiling is not objectionable, for example, a shallow arch may be used 
on raised skewbacks with a considerable economy in material: 
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FLAT TERRA COTTA ARCHES 


MANUFACTURERS’ STANDARD 


Sare Loaps IN PounpDs PER SQuarE Foor 
Factor of Safety = 7 


Depth of Arch Blocks, Inches 
de] 9 10 
Area of Arch Blocks, Square Inches 

37 40 43 


735 901 1084 
622 763 916 
531 653 785 
459 565 679 
399 493 593 
350 433 521 
309 382 461 
274 340 410 
244 - 3804 367 
218 272 330 
196 245 297 
176 222 269 
159 201 244 
144 183 222 
131 166 203 
152 | 186 
139 170 
144 


ROR Bp gg Gg 
SCOMDWODAWOCAWO 


PO or os 


> 


S66606h6 66 


236 
205 
180 
158 

This table and the two following are employed in computing the 
safe loads of floor arches of hollow terra cotta blocks. The area 
given is that of a cross section at right angles to the webs, and, 
generally, end-construction blocks of various shapes but of the same 
depth and cross-sectional area have equal strength. 

The weight of the terra cotta arch has been deducted from the 
safe load given in the tables, so that only the dead load of the 
concrete fill, plastering, etc., must be deducted to obtain the net 
safe live load for any arch and span; blocks of different areas and 
for other factors of safety are calculated as follows: 


Exampue.—Required the load per square foot for a 5’-6’’ span and 8 inch 
arch blocks with three horizontal and four vertical webs, 34 inch thick, set in end 
construction, cross-section through webs of blocks parallel to webs of beams. 

Sectional area of the blocks is 8’’x 34/’x4+ (12""—4x 34’’)x 34""x3—=44.25 sq. in. 
at 0.06 pounds per cu. in., the weight is 44.25x12x0.06—32 pounds. 

The net safe load of the 8 inch block given in the table is 196 pounds. 
Adding the weight of the block, 37x12x0.06—=26 pounds, the total safe load is 
222 pounds. The net safe load for blocks with an area of 44.25 sq. in. and a 
safety factor of 5 is (44.25 +37x222x7/5)—32—340 pounds per sq. ft. 


6 
6 
7 
7 
8-! 
8 
(3) 
9 
10 
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SEGMENTAL TERRA COTTA ARCHES 


MANUFACTURERS’ STANDARD 


Sarrm Loaps In Pounps PER SQUARE Foot 
Factor of Safety=7 


Depth of Arch Blocks, Inches Depth of Arch Blocks, Inches 


Rise | 


4 6 Sy? 10 eel 


6 


8 


10 


In. 


Area of Arch Blocks, Sq. Inches Arch, | Area of Arch Blocks, Sq. Inches 


28 36 43 47 28 36 


43 


47 


702| 902/ 1078} 1178 366 | 471 
920 | 1184] 1414/ 1545 482 621 
1155 | 1485 | 1774] 1939 602 774 | 
1353 | 1740 | 2079 | 2272 715 | 920) 
1545 | 1986 | 2373 | 2593 815 | 1049 


1736 | 2233 | 2667 | 2915 915 | 1176 


616} 792} 946) 1034 | 341 439 | 
812 | 1044 | 1247 | 1363 457 588 
1020 | 1313 | 1568} 1713 562 | 724 
1196 | 1539 | 1838 | 2009 668 | 859 
1381 | 1775 | 2121 | 2318 767 | 987 
1536 | 1975 | 2359 | 2578 854 | 1099 


551] 709| 847] 926 319") 411 
744| 957| 1143] 1249 428 | 551 
911} 1172 | 1400 | 1530 527 | 678 
1072 | 1379 | 1647 | 1800 626 | 806 
1238 | 1592 | 1902 | 2078 | { |, 719} -926 
1379 | 1773 | 2118 | 2315 2 807 | 1037 | 


499| 641) 766) 837 300 | 386 
672] 864] 1032 | 1128 403 | 518 
826 | 1062 | 1269 | 1387 501 645 
984 | 1266} 1512] 1652 590 | 758 
1119} 1439 | 1719} 1879 677 |_ 871 
1258 | 1619 | 1933 | 2113 CNS Ya OY (a 


ING 


455| 585| 699] 764 283 364 
612| 788} 941] 1028 380 | 489 
753) 969) 1157 | 1265 472 | 608 
898 | 1154 | 1379] 1507 561 721 
1022 | 1315] 1570| 1716 639 | 823 
1148 | 1476 | 1763 | 1927 717 | 923 


NR Ree 
INES 


428| 551] 658] 719 267 | 344 
562] 724) 864] 944 359 | 462 
701} 902) 1077 | 1177 447 | 576 
823 | 1058 | 1264 | 1382 531 683 
947 | 1218) 1455] 1590 610 | 784 
1055 | 1358 | 1622 | 1772 683 | 879 


394| 508] 606; 662 251 | 330 
520] 669| 799) 873 342 | 442 
648| 834] 996) 1089 426 | 547 
762{ 981} 1171| 1280 504 | 646 
876 | 1127 | 1346| 1471 581 749 
983 | 12641 1510! 1650 650 |! 837 
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563 
741 
925 
1099 
1253 
1405 


525 
703 
864 
1026 
1179 
1312 


491 
658 
810 
963 
1106 
1239 


461 
619 
770 
906 
1041 
1167 


435 
584 
726 
862 
983 
1102 


411 
552 
688 
816 
937 
1050 


394 
528 
655 
776 
891 
1000 


615 
810 
1011 
1201 
1369 
1536 


573 
768 
944 
1122 
1288 
1434 


536 
719 
885 
1052 
1208 
1354 


504 
677 
842 
990 
1137 
1275 


475 
638 
793 
942 
1074 
1204 


449 
603 
751 
892 
1024 
1147 


429 
577 
717 
849 
974 
1092 
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SEGMENTAL TERRA COTTA ARCHES—ConctupeEep 


Depth of Arch Blocks, Inches Depth of Arch Blocks, Taohea 


8 
A Se Bea ee nara ester Wares 


Area of Arch Blocks, Sq. Inches pee Area of Arch Blocks, Sq. Inches 
In. s 
28 36 43 47 28 36 43 47 


315 | 376 151 232 | 254 
421 | 503 205 316 | 345 
519 | 621 256 394 | 430 
617 | 737 304 468 | 512 
709 | 847 351 540 | 590 
794 | 948 393 605 | 661 


299 | 358 141 218 | 238 
401 | 480 192 296 | 324 
499 | 596 240 370 | 404 
592 | 707 287 442 | 482 
680 | 812 330 507 | 554 
761 | 909 371 570 | 623 


285 | 341 134 206 | 225 
383 | 458 181 279 | 304 
A477 | 569 227 350 | 382 
566 | 676 271 416 | 455 
649 | 776 312 480 | 524 
727 | 869 351 539 | 589 


273 | 326 126 194 | 212 
366 | 437 172 265 | 289 
456 | 545 215 331 | 361 
541 | 646 257 395 | 431 
621 | 742 296 455 | 497 
696 | 832 332 510 | 558 


261 | 312 119 183 | 200 
351 | 419 163 250 | 273 
437 | 522 205 315 | 344 
519 | 620 243 375 | 409 
596 | 712 281 432 | 472 
670 | 801 315 485 | 530 


240 | 287 113 174 | 190 
326 | 390 154 237 | 259 
406 | 485 194 298 | 326 
482 | 575 357 | 399 
553 | 661 412 | 450 
619 | 740 462 | 505 


225 | 268 166 | 181 
302 | 361 227 | 247 
377 | 450 284 | 310 
447 | 534 340 | 371 
515 | 616 392 | 428 
577 | 690 440 | 481 


209 | 249 157 | 172 
281 | 336 216 | 236 
353 | 421 272, | 297 
419 | 500 325 | 355 
481 | 575 375 | 410 
540 ) 645 421 | 460 


w 
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RES 


NS 
NG 
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IN 
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TERRA COTTA ARCHES 
For 
Floor Load of 150 Pounds per Square Foot 


| Approx, Weight, Lbs, per Sq. Ft. 


Depth | Depth | Depth 
of of Arch f 
Beam, | Blocks, 
Inches | Inches 


Steel 
Flooring 


67 
76 
84 
71 
79 
86 
74 
82 
89 
76 
85 
100 
79 
94 
84 
9% 107 
im! 93 


For flat arches on raised skews, where the top of the arch is level with the top of the floor beam, 
deduct about 7 pounds per inch of difference between the height of the floor beam and the arch. 


Fiat Arca 
Typical Construction 
Bottom of arch below bottom of beam 
OOCOWMHOWIDIG 
ODOMWDHNIIIRGAIOS 
OODOOHDHHDHHNHNHHAIO 


CUO OV OT OT Or OT Ot OT Or 1 OT Ot GG Ot | Ceiling 


PREP EP RRP PRP PRR RD 


Approx. Weight, Lbs, per Sq. Ft, 


Depth 
of Arch 
Blocks, 
Inches 


27 
28 
29 
30 
27 
28 
29 
30 
27 
28 
29 
30 
27 
28 
1% 29 
1% 30 


TERRA COTTA PARTITION, CEILING, ROOFING AND 
FURRING BLOCKS 


Thick- | Approx, Weight, Pounds per Sq, Foot |) Thick- | Approx. Weight, Pounds per Sq. Foot 
ness, Xs eh 3 ness, are ae 
Inches | Partition} Ceiling | Roofing | Furring || Inches | Partition| Ceiling | Roofing | Furring 


1% 9 4 16-18 22 
2 12-14 12 10 5 18-20 
3 15-17 20 6 24-26 


ee 
MAX 


Hee 


Typical Construction 
WX 


SrcmMenTAL ARCH 
Top of arch level with top of beam 
DMHDMDDMDRHROOKK EE 


Hee 
PRS 


1 


AADLA ALAA AAD AA A DOA | Flooring 
NANA ceo oc | Ceiling 


Bee Ree Steel 
NFR OCOOCHOONOWMAOANNN 
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FLOOR CONSTRUCTION 


REINFORCED CONCRETE BEAMS AND FLOOR SLABS 


For a complete mathematical analysis of the stresses occuring in 
reinforced concrete structures, reference may be made to standard 
text books on the theory and practice of reinforced concrete. 

Girders and Floor Beams. The arrangement of girders and floor 
beams follows the same principles as in structural steel construction. 
On short spans floor cross beams may be omitted or used only at 
columns to secure lateral stiffness. Beams are usually designed as 
tee beams, and thereby a part of the floor slab is utilized as a part 
of the beam. The width of the slab thus considered to act as part 
of the beam should not exceed one-fourth of the span length, and 
the overhanging width on either side of the web should not be over 
six times the thickness of the slab. 

Floor Slabs. Reinforcement may be of small rods, wires or metal 
fabric, the latter especially on short spans. Cross reinforcement of 
small rods or wires about two feet apart laid parallel to the beam 
supporting the slab should be used to prevent cracks, shrinkage, 
ete. If the length of the slab exceeds 114 times its width, the 
entire load should be carried by transverse reinforcement. For 
rectangular slabs, the length of which does not exceed 11% times the 
width and which are supported on four sides and reinforced in both 
directions, the proportion of the load is determined by the 
formula: R=I\/b—0.5, where R is the ratio of the load, | the length 
and b the width of the slab. An effective bond should be provided 
at the junction of beam and slab, and if the principal reinforce- 
ment of the slab is parallel to the beam, transverse reinforcement 
should be used extending over the beam and well into the slab. 

Spacing of Reinforcing Bars. The lateral spacing of parallel bars 
should not be less than 3 diameters, nor should the clear vertical 
space between layers of bars be less than 1 inch; distance from 
edge or side of beam or slab should not be less than 2 diameters. 

Shear or Web Reinforcement. In the calculation of web reinforcement, 
concrete may be assumed to carry 1% of the total shear; the 
remaining 24 to be taken by additional reinforcement arranged in 
intervals equal to the depth of the beam. The usual method of 
reinforcing beams against failure by diagonal tension or shear is 
to use bent rods or stirrups in either vertical or inclined position. 
The longitudinal spacing of such rods or stirrups should not exceed 
34 of depth of beam if inclined, and 1% of depth if vertical. 

Formulas. The following formulas are those given by the 
Committee of the American Society of Civil Engineers on Concrete 
and Reinforced Concrete (Transactions, Vol. LXXXI—No. 1398, December, 1917.) 
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CARNEGIE STEEL COMPANY 


REINFORCED CoNcRETE BrEAMs—NOTATION 


Rectangular Beams, Reinforcement for Tension only. 
f, Tensile unit stress in steel, in pounds per sq. inch. 
f, ==Compressive unit stress in concrete, in pounds per sq. inch. 
Es —Modulus of elasticity of steel, in pounds per sq. inch. 
Ec =Modulus of elasticity of concrete, in pounds per sq. inch. 
n =Hlasticity ratio, Es+Ec. 
M =Bending moment or Moment of Resistance, in inch pounds. 
Ms—Moment of resistance of steel, in inch pounds. 
Mc=Moment of resistance of concrete, in inch pounds. 
A, =Area of steel in tension, in square inches. 
b =Width of beam, in inches. 

==Depth of beam to center of steel in tension, in inches. 

k Ratio of depth of neutral axis to effective depth, d. 


j =Ratio of lever arm of resisting couple to depth, d. 

z ==Distance, from top to resultant of compression, in inches. 
jd =Arm of resisting couple, in inches—=d—z. 

p =Ratio of areas, steel in tension to rectangle, bd,==A~+bd. 


kd =—Distance from top of beam to neutral axis, in inches. 


Tee Beams, Reinforced for Tension only. 
b =Width of flange, in inches. 
b’ - Width of stem, in inches. 
t ==Thickness of flange, in inches. 


Rectangular Beams, Reinforced for Tension and Compression. 


’ ==Area of steel in compression, in square inches. 


p’ =Ratio of areas, steel incompression to rectangle, bd,=A’+bd. 
f. = Compressive unit stress in steel, in pounds per sq. inch. 
C =Totalcompressivestress in concrete, in pounds persq.inch. 


C’ =Total compressive stress in steel, in pounds per sq. inch. 
d’ Depth to center of steel in compression, in inches. 
z ==Depth to resultant of C+C’, in inches. 


Shear and Bond. 
V =Total shear, in pounds. 
V’ =Total Shear producing stress in reinforcement, in pounds,—=24V. 
vy = Shearing unit stress, in pounds per sq. inch. 
u = Bond stress per unit surface of bar, in pounds per sq. inch. 
> =Sum of perimeters of tension bars, in inches. 
T =Total stress in single reinforcing member, in pounds. 
Horizontal spacing of reinforcing members, in inches. 
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FLOOR CONSTRUCTION 


REINFORCED CONCRETE BEAMS—FORMULAS 


Rectangular Beams, Reinforced for Tension only. 
kd =d(1/2pn+ (pn)? -pn) 
Z =tkd jd—d (-4k) 
M —f,A,jd — fypjbd2 
M = if,kjbd2 


Balanced Reinforcement: 
Steel ratio, p = 


Tee Beams, Reinfored for Tension only. 


Sesser Does ss, <-fo-— 2ndA,+ bt2 
1 W) asacs eee 
i QnA, + 2bb 
ee, 
i Neutral axis in flange— 
af (use formulas for rectangular beams.) 
Ty Neutral axis in stem— 
__ t(8kd—2t) ag qe, 
Le Sd) kee 
; M fen (1-k) 
be I Gr ee re aa ere mee 
febt (kd —}t)jd Fe Mkd ay fk 
M>= kd ¢ ~ ptkd-jt)id = pdb 


Rectangular Beams, Reinforced for Tension and Compression. 
Ce 
kd =d [\2n@+n’$) +n2(p+p’)2 -n(o+p’) | 


da’ 
l ik8d+2p/nd’ (k—7-) 
A 17, 2 =n 
d 


jd=(d-z) 


k2+2p’n(k— 4) 


nfg(1—k) 
_— 


oe [she + SP aS) a-$)] 


Shear and Bond. ; vr 
2, eal je i atin 

Rectangular Beams v= bid oh jdS0 
BAN: a Wis = 

T Beams Vv = pid Cees co SED 


If reinforcing bars are bent up at angles between 20° and 45°,and web members inclined at 45°, 
8V’s 
ad 


T= 
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The formulas are based upon the following assumptions: 

1. The applied forces are perpendicular to the neutral plane. 

2. The deformation of any fiber is proportional to its distance 
from the neutral axis. 

8. The resisting moment ofthe bean is the sum of the moments 
above the neutral axis, due to the concrete area in compression, 
and of those below the neutral axis, due to the steel area in tension. 

4. The tensile strength of the concrete is negligible. 

Bending Moments. If slabs and girders are reinforced over supports 
to take care of negative bending moments, they act as continuous 
beams, and the bending moment at the center of the span will be 
reduced. Itis considered good practice to use oe following values: 

Floor slabs, M at center and at supports; wl?. 

Beams, M at center and at supports=;; wl? for interior 
spans, and 34 wl? for end spans. 

If beams are freely supported at ends, M=$ wl?. 

Columns. Columns may be reinforced by means of longitudinal 
bars, by bands or hoops, or by both. The general effect of the 
banding or hooping is to permit the use of somewhat higher working 
stresses; the values of As and p given in the formula which follows, 
refer to longitudinal steel reinforcement only: 

P =total load on columns, in pounds. 

A =total area of column section, in square inches. 

Ac=area of concrete, in square inches. 

As=area of steel, in square inches. 

p =ratio of steel area to total section, As+ A. 

fe unit compressive stress in concrete, in pounds per sq. inch: 
P =fe(Ac+nAs)=feA[1+ (n-1)p]. [ATE er 

Working Stresses. The following working stresses are in current use 
for reinforcing bars of medium structural steel and good Portland 
| cement and gravel concrete of a 1:2:4 mixture: 
fe—unit compressive stress of concrete... 650 lb. sq. in. 
fy—unit shearing stress of concrete, 

straight horizontal reinforcement .. . 40 “ 
special shear reinforcement......... 90 to 120 “ 
fu=unit bond stress of concrete, smooth 
rods and deformed bars 80 to 100 “ 
fs =unit tensile stress of steel 
rod reinforcement 
wire reinforcement 
fk==unit compressive stress of steel 
n =H, + Ee=15. 


FLOOR CONSTRUCTION 


Substituting in the formulas given for rectangular beams, reinforced 
for tension only, the values for fe=650, fs=16,000 and | 20,000, and 
n=15, the following constants are obtained for equal moments of 
resistance Mc=Ms. 


fe—=650 | : ‘ fe=650 
- Notation 
fs—=16,000 | fs—20,000 fs—=16,000 | fs—=20,000 


Notation 


| 0.00769 | 0.00533 Dj 0.00672 | 0.00474 
0.37864 | 0.32773 kj 0.33085 | 0.29193 
0.87379 | 0.89976 fspj—Vfckj 107.526 94.877 


For approximate calculations, the arm of the resisting couple, jd, may be 
taken at 0.9d, and ordinarily accepted working stresses of 16,000 for steel 
and 650 for concrete wili not be exceeded if the steel ratio, p, does not 
exceed 0.008. 

Explanation of Tables. Reinforced Concrete Slabs: The tables 
given on page 318 are based upon the preceding formulas for rect- 
angular beams reinforced for tension only, and upon fiber stresses of 
650 pounds per square inch for concrete, 16,000 pounds for.#teel bar or 
‘rod reinforcement, 20,000 pounds for steel wire reinforeement, and 
for an elasticity ratio of n—15. 


The bending moments are given in foot pounds per foot of width; 
below and to the left of the zigzag lines the values are determined 
by the maximum allowable fiber stress on steel; above and to the 
right they are determined by the maximum allowable stresses in 
concrete. 

The first column gives the total thickness of the slab, the sec- 
ond, the distance from the center of the steel to the bottom of the 

‘slab, and the third the approximate weight of concrete slabs one 


foot square. 
Exampuie.—Required the reinforcement for a slab continuous at four sides 
' and 5 inches thick to carry a superimposed load of 150 pounds per square foot 
over a clear span of 8 feet. 

Assuming the weight of the concrete slab in pounds at twelve times the 
thickness of the slab in inches, then the weight of the slab per foot is 12x5—60 
pounds, and the total weight, W, for a span of 8 feet is (60+150)x8—1680 
pounds. 

M=WL-~+ 12—1680x8 + 121120 foot-pounds. 

If medium structural steel bars or rods are used, the required area, by 
the upper table, page 318, is, by interpolation, 0.235 square inches, and the 
sizes may be taken from page 106. 

If triangle mesh is used, the steel area required by lower table, page 318, 
computed for a 5 inch slab, is, by interpolation, 0.188 square inches, requiring 
by table, page 319, triangle mesh style number 208. 
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REINFORCED CONCRETE SLABS 


Benpina Moments IN Foot Pounps PER Foot or WIDTH 


Allowable Fiber Stress: Steel, 16,000 and Concrete, 650 Pounds per Sq. Inch 


Area of Steel Reinforcement in Square Inches per Foot of Width 


) 


.20 | .30 | .40 | .50 | .60 | .70 | .80 | .90 


| 1.00 | 1.10] Las] 1.50 


Thickness, 
Inches 


599 
858 

1135 | 1245 
1235 | 1584 
1412 | 1766 | 1894 | 
1600 | 2101 | 2312 
1787 | 2349 12760 | 2929 
1975 | 2596 ) 3205 |3431 
2162 | 2844 | 3515 |3974 
2257 | 2969 | 3669 14254 


2446 | 3218 | 3977 | 4728 | 5097 | 5309 | 5494) 5674 
2634 | 3467 | 4288 | 5099 | 5734 | 5982 | 6206) 6410 
2730 | 3594 | 4444 | 5283 [6069 | 6338 | 6574) 6790 


2919 | 3845 | 4757 | 5656 | 6543 | 7063 | 7330) 7575 
3109 | 4096 | 5068 | 6027 | 6974 17826 | 8120) 8392 
3205 | 4222 | 5224 | 6213 | 7192 | 8163 | 8525] 8817) 9079) 9432) 9939 
3395 | 4475 | 5537 | 6588 | 7625 | 8652 | 9359) 9681 9972 1036910936 
3586 | 4726 | 5850 | 6960 | 8058 | 9145 |10224)10575 10898)11337\11969 
3681 | 4852 | 6007 | 7148 | 8276 | 9393 |10500)11037/11376/11858)12494 


Allowable Fiber Stress: Steel, 20,000 and Concrete, 650 Pounds per Sq. Inch 


Slab of 18q.F A : : 
STA sae es Area of Steel Reinforcement in Square Inches per Foot of Width 


06 | .08 | .10 | .12 | 14} .16 | .18 | .20 | .25 | . 35 | 40 


261 | 295 342) 353) 377 
338 | 404) 520) 538) 574) 
419 | 499 724| 750! 808 900 
498 | 594 876 ial abe 1194) 1245 
577 | 688 1015) 1123]1354 1516) 1584) 1644 
621 | 740 1087} 1201) 1486 1690} 1766} 1834) 1894 
697 | 832 1228) 1359) 1682 2056| 2151| 2236) 2312 
777 | 928) 1367) 1512) 1875) 2449) 2563] 2666] 2760 
859 | 1025) 1514| 1675) 2075) 2469} 2858]3002| 3124) 3235 
939 | 1120 1657| 1833) 2271| 2703] 313113466] 3609) 3741 
978 | 1168) 1729] 1913) 2370) 2821] 3268) 37113863] 4005 
1260 1872| 2072) 2568] 3057| 3542) 4023 14387] 4556 
1358 2015) 2231) 2765) 3292) 3815) 4334) 4850/5122 
2088) 2311) 2864] 3412) 3955| 4493) 5026/5416 
2231] 2471) 3063] 3649] 4230) 4806) 5378) 5945 
2375] 2630) 3261| 3886! 4506! 5120! 5730) 6335 
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TRIANGLE MESH CONCRETE REINFORCEMENT 


AMERICAN STEEL AND WIRE COMPANY STANDARD 


Ma 


Triangle Mesh is a woven fabric of cold drawn steel wire, providing a 
continuous reinforcement, an even distribution of metal, and a perfect bond. 

Made with both single and stranded tension members in lengths up to 
300 feet and in widths up to 56 inches. 


- 


TRIANGLE MESH—STYLES, AREAS, AND WEIGHTS 
Longitudinal and Cross Wires (No. 14 A. 8S. & W. Co. Gage), Spaced 4 Inches. 


Longitudinal Wire Triangle Mesh 


Number Thickness, Net Area Total Area |Approx. Weight 
, 0 A.S. & W. Co. |per Foot Width,| per Foot Width,|per 100 Sq. Ft., 
Strands Wire Gage Sq. Inches Sq. Inches Pounds 


Triangle Mesh 


Style 
Number 


No. 12 026 .032 22 
u 034 -040 25 
043 .049 28 
052 .058 32 
-062 .068 35 
074 -080 40 
.087 .093 45 
-101 -107 50 
120 126 57 
140 146 65 
147 153 68 
162 168 74 
174 -180 78 
.202 208 ~ 89 
.239 245 103 
-261 -267 111 
281 287 119 
303 .309 128 
.330 336 138 
-359 -365 149 
-389 -395 160 


032 
040 
049 
058 
068 
080 
093 
107 
126 
146 
153 
168 
180 
208 
245 
267 
287 
309 
336 
365 
395 
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Re 
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Length of Rolls: 150, 200 and 300 feet. 

Width of Rolls: 16, 20, 24, 28, 32, 36, 40, 44, 48, 52 and 56 inches, approximately. 

Triangle Mesh is furnished either with or without galvanizing; unless otherwise specified 
material will be shipped not galvanized. 
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BUCKLE PLATES 


Buckle Plates, as generally used on highway bridges with paved 
floors, are subjected to a concentrated live load due to the weight of a 
wagon or truck wheel and to a uniform dead load due to the weight of 
the roadway paving. 

Buckle Plates should be placed with the buckle turned down; then 
the live load which can be placed on a buckle in .addition to the 
uniform dead load can be obtained from the following formula. Let: 

P =Total allowable concentrated load on buckle plate, in pounds. 

w Uniform load, in pounds per square foot. 

d =Rise of buckle, in inches. 

1 —Length of buckle, in inches. 

b =Width of buckle, in inches. 

t —Thickness of buckle plate, in inches, 

wees ( fdt — 0.525 wlb 

6d-+ 15t 

The following table gives, for a fiber stress of 9000 pounds, the 
maximum concentrated live load in pounds allowed on buckles (turned 
down), in addition to a uniform load assumed to be the average 
weight of paving, etc., of 120 pounds per square foot. 


) pounds, per buckle. 


Thickness of Rise, d, in Inches 
Buckle Plate, : = 


Inches 2 2% 3 34 


A 20000 22000 22000 22500 
46 30000 33000 34000 34000 
38 41000 45000 47000 47500 
Ae 53000 58000 61000 63000 


The total allowable uniformly distributed load which a buckle 
plate will safely support may be obtained from the formula: 
W = 12 fdt pounds, per buckle. 
When the buckles are turned up, use one-third of above values. 
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BUCKLE PLATES 


AMBRIGAN BRIDGE GOMPANY STANDARD 


ie 


EB 


bs 


Size of Buckle} __ Widths of Flanges and Fillets 


la : 
| Side, Si t i id ( End Flanges} Fillets | Side Flanges 
Ft.-In. Ft.-In. In. t.-In. li, ls lo bi, be 


Die Number 


RES 


rs 


1 
2 
3 
4 
5 
6 
7 
8 
2 


2 are of unequal width, 
gh to make two flanges 


Maximum = 1/-6/ 


use angles riveted across the 


plate for stiffeners 


Maximum = 614” 


ges by and b 


wide enou, 
, the narrower flange to be sheared to required 


Maximum = 6” 


NENW OWR WH WMOWOOO~I00 | 
4” or less preferred 


WNNWONNNNNNWWWWWW 
ENE 

RAK 

eller cell ae el 


Preferably made alike 


Qo” 


Nore:—When the side flan 
the material should be ordered 


of the greater width 


Preferably made alike 
width after buckling. 


on” 


If wider than 1/-6” 


Bee ee 
NOMUNOOCOOWMOOO 


SUN 


bo 


Minimum 
Minimum = 2” 
Minimum 


RCS 


ln ng a a rg ear an any rg ey eer ear yer were 
goto teed ded d¢d¢d¢d¢d¢d¢eodeeddedGqdqqau - 
SSSOSSSSCOSS SSS OOOO OC Oo OSS Se eSSS 
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Thickness of Plates, 14”, 546”, 36” or Ac’. 

Plates of greater length than given in table may be made by splicing with bars, angles, or tees. 

All plates are made with buckles up, unless otherwise ordered. When buckles are turned down, 
a drain hole should be punched in the center of each buckle and should be shown on sketch. 

Buckles of different sizes should not be used asit increases the cost of the plate. 

Connection holes are generally for 54”, 34” or 74” rivets or bolts. Holes of different sizes 
in game plate will increase the cost of the plate. 

Spacing for holeslengthwise of plate should be in multiples-of 3” and should not exceed 12”. 
Odd spaces to be at end of plate andineven 14”. Minimum spacing crosswise 414”, usually 6”. 

Die number must be shown on drawings. A 

Sketches for Buckle Plates should indicate allowable overrun in length and width. 
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CHECKERED PLATES . 
TTY 


ELEMENTS OF CHECKERED PLATES 


Width, a at Section 
Section _| Thickness, Weight per Modulus for 


"4 Square Foot, idth 
Index Inches Pounds Weng bart is 


Minimum, Maximum, 
Inches } Inches. 


M54 12 P.O 
M 53 12 60 
M 52 12 60 
M 51 12 60 
M 50 12 60 
M 49 12 | 48 


ate~ 


21.4 0.500 
18.9 0.383 
16.3 0.281 
13.8 0.195 
1g 0.125 
8.7 | 0.070 


pe pK ee 
e = 


at wt Lco so 


= 


oe 
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| 


ALLOWABLE UNIFORM LOAD IN POUNDS PER SQUARE Foot 


: ( 
Fiber Stress, 16000 Pounds per Square Inch | Fiber Stress, 12000 Pounds per Square Inch 


M 54| M 53 | M 52 M 50| M 49 |) M54| M53 | M52} M51 | M50 | M49 


5333 | 4083 |3000 1333 4000 | 3064 | 2248 |1560|1000| 560 
1333 |1021| 750 333 1000| 766| 562| 390! 250| 140 
593| 454| 333 148 444| 340| 250| 173] 111| 62 
333] 255] 188 Ss 250| 191| 141] 97] 63 
213| 163] 120 53 160| 122] 90] 62 
1:48)/\S113e838 Vetsital 85162 
HOON ASS Cty: ip 82h) G3: 
83| 64 62 
66 
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The values given in above table are the safe loads per square foot of 
plates supported on two sides only and are based upon the resistance of 
rectangular sections, 12 inches by the net section, t. 

The weight of the plates are included in the safe loads and must be 
deducted to obtain the net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be 
obtained from the values given by direct proportion of the fiber stresses. 
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ROOF CONSTRUCTION 


ROOFS AND ROOF LOADS 


The design of roofs and the selection of suitable roofing materials 
depend on the character of the building, whether monumental, 
public, residence, mill or shop; permanent or temporary; geo- 
graphical location as regards allowance for snow and wind loads, 
and also availability of materials and familiarity of workmen 
with the construction; atmospherie conditions as concerns presence 
of industrial or other plants producing deleterious gases; water- 
tightness or resistance of the roof layers to penetration of water, 
snow or ice under storm and long continued exposure; wind 
resistance or the strength of materials to resist displacement of 
the entire surface or disruption between points of support; type 
and pitch of roof, whether self-supporting on wide spans or 
requiring the use of sheathing, and whether materials can be laid 
safely on steep surfaces. 

A good roof on a permanent structure should be fireproof from 
within as well as without, made of refractory materials supported 
by equally refractory framing. It should last without repair as 
long as the building stands without repair. Its maintenance cost 
should be low and its materials purchased on the probable life and 
service of the structure. 

Snow Loads. ‘The snow loads on roofs vary with the geographical 
location, the altitude and humidity of the place, and with the slope 
of the roof. Where snow is likely to occur, the minimum load per 
horizontal square foot of roof should be taken at 25 pounds for all 
slopes up to 20 degrees; this load to be reduced one pound for each 
degree of increase in slope up to 45 degrees, above which no snow 
load need be considered. In seyere climates these loads should be 
increased in accordance with actual conditions. Regard should 
also be taken to the possibility of partial snow load with local 
concentration. 

Wind Loads. These vary also with the geographical location and 
the slope of the roof, and, when not fixed by building laws, are 
usually taken as acting horizontally at 40 pounds per square foot 
on vertical surfaces of the most exposed structures, and 30 pounds 
on less exposed structures. On inclined surfaces only the normal 
components of the wind pressure need be considered. The following 
normal pressures are based on the formula given by Duchemin: 


p—P _ 2 sina where Pi is the direct horizontal pressure 
17+ sin2a’ 


assumed at 80 pounds per square foot on the vertical surface and 
P the normal pressure on a unit of surface, sloping at angle a with 
the horizontal. 
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NorMAL WIND PRESSURE, IN PouNDS PER SQuARE Foor 


: = ; 
stope | PS | stone | Preamte | sone | Preemre | stope 
a° |SquareFoot,|) a@° | Square Foot, | a°  |SquareFoot,) a° 


Pp 
Square Foot, 
Pounds Pounds 


| 
| 

| Pounds | Pounds 
| 


5 5.19 20 18.37 || 35 25.90 | 50 | 
10 10.11 25 21.51 40 27.29 | 55 | 


28.97 


15 14.55 30 24.00 45 28.28 60 


For other pressures than 30 pounds per square foot, the values 
given above change in proportion. For slopes over 60° the values 
assumed for horizontal pressure are applied. 


Combined Roof Loads. In climates corresponding to that of 
Pittsburgh, and where the roof loads are not fixed by building 
laws, ordinary roofs up to 80 feet span should carry the following 
minimum loads per square foot of exposed surface, applied verti- 
cally, to provide for dead, wind and snow loads combined. 


Roof Load 
Roof Covering Square: Foot, 
Pounds 


Composition; on boards, steep slope, more than 1 to 6 45 
Roofing on 3 inch flat tile or cinder concrete 60 
Corrugated sheeting on boards or purlins 40 
Slate es boards or purlins 50 

on 3 inch flat tile or cinder concrete 65 
55 
45 


Gravel or i boards, flat slope, 1 to 6 or less 50 


For roofs in climates where no snow is likely to occur, reduce 
these loads by 10 pounds per square foot, but no roof or any part 
thereof should be designed for a total live and dead load less than 
40 pounds per square foot. 


Roof Covering. As stated above, suitable protection of a building 
against rain, snow, etc., depends on the character and location 
of the building, and the slope or pitchof theroof. Tin, tar, gravel, 
asphalt roofings and similar compositions are used for flat roofs; 
slate, tiles, and tin are used for slant roofs of public buildings and 
residences, shingles for smaller dwelling houses, and corrugated 
sheeting for shops and warehouses. Slate, tile, tin, and shingles 
are usually attached to a layer of planking, called sheathing, 
which in turn is supported by rafters, often called jack rafters, 
resting upon the roof purlins, or placed directly upon the purlins 
of the roof. 
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APPROXIMATE WEIGHT OF Roorrinac MATERIAL 


Roofing Material 


Lath and plaster ceiling 

Lead, 4% inch thick 

Mackite, 1 inch thick, with plaster 

Sheathing, hemlock, 1 inch thick 

Sheathing, white pine, spruce, 1 inch thick 

Sheathing, yellow pine, 1 inch thick 

Shingles, 6x18 inches, 6 inches to weather 

Skylight, glass 34¢ to 1% inch, including frame 

Slag roof, 4-ply, with cement and sand..........00.cussccseeevee 
Slate, 44 inch thick, 3 inch double lap 

Slate, %6 inch thick, 3 inch double lap 

Terneplate, IC % 
Terneplate, IX % 
Tiles (plain), 1014x6 14x % inches, 514 inches to weather 18 
Tiles (Spanish), 1414x1014 inches, 714 inches to weather 8% 
Zinc, No. 20 B. W. G 1% 


Roof Trusses. ‘Trusses are used where wide roof openings are to be 

spanned; they form a structure of compression and tension members 
and produce vertical reactions under vertical loads; the total load 
of the roof, that is, the weight of the truss, purlins, roof covering, 
ceiling, and often also the snow and wind load, is usually considered 
a uniformly distributed load, equally divided between the two 
supports and producing equal and vertical end reactions. 


The purlins usually rest on the upper chord of the truss, trans- 
mitting to the latter the load of the roof covering, the wind and 
snow load, that of the jack rafters and their own, and are often so 
arranged as to carry the dead load directly to the truss joints or 
panel points to avoid transverse stresses. The distance between 
two consecutive joints of the top chord is the panel length, the dis- 
tance between two adjacent trusses the bay length. 

The transverse strength of the sheathing or of the corrugated 
iron used for the roof covering generally determines the spaces 
between the jack rafters or the purlins. These purlins or rafters 
are small steel shapes, such as beams, channels and angles, or 
wooden beams, if the roof is not of fireproof construction. 
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TRUSSES—Formv.ta FoR STRESSES AND LENGTHS 


n= L/e = 2 cou e 


SIMPLE FINK TRUSS SIMPLE FAN TRUSS 


H 


Member Stress Length Member! Stress Length 


+%\ne+4 xW| %Lseca Aa +a (un?+5) x W|% L seca 
u ‘ 2 
+ prea (in? +1) xW| % L seca to Vara (ttn? +6)xW 
—%n xW| %Lsec?a i a 
= a xW L (1—% sec*a) : Nar+4 (nt +1) x W 
s % — %n xW 
T Amina xW| %Lsecatana | 7 xW 
z | ——— 
neta % seo? n n*+40n?+144 P 
& Sin? +4) 


a 


Se ee Li re e3«ee 
4W n=L/H= 2cota 


; COMPOUND FINK STRUSS | COMPOUND FAN TRUSS 


Member| Stress Length ‘Member| Stress - Length 


Aa 
Bb 


t 
t+ pepa (Mn? +11)xWhhie L seca 


1 
a Vn? +4(°Man?*+9) xW M2 L seca 


Ce a 
a +E (unt +3) xW| %Lseca Norea4ar 47), xWiita Li seta 


1 
1 a yn? hy 
pr |+ 5 (vnt+1) xW| % Lseca Var +a( Y%n?+5) xW)M2 L seca 
La xW| %Lsec?a i Vin2-4 (Men? +3)xW ie L seca 


Le a xW]| %Lsec*a GES wee 
lg xW L (1—* sec?) Wn24-4(4n? +1) xW)Ke L seca 
— Mn xW)|%Lsec?a 


xW| %Lsecatana C — %n xW| %Lsec?a 


Aa |+%NVn?+4 xW| % Lseca 
Bb 


1 
+ Varga (in?+5) xW] % L seca 


xW| %Lsec*a an 
xW| %Lsecta de at In? +4 xW)% Lsecatana 
xW| %Lsec*a ed, ef |— %n xW| % L sec?a 

ei —%*o xW| % Lsec?a 
bi —%n xW| % L sec?a 


— %n xW| L(i- % sec?) 


¥L u ab, be,|}_, 2 Vn*+40n?+144 
xW| % Lsecatana fe, gh} +a] HL <S* tsectatenta 


Coefficients for Calculating Lengths of Truss Members 


Values of n 3 244 | 2cot30° 4 246 5 


6 


Values of a 33°41/24//30915/23"| 30° _|26°33’54/)2237/12/\21048’ 5/7/18°26/ 6/” 


sec a 1.2018 | 1.1577 | 1.1547 | 1.1180 ] 1.0833 | 1.0770 
sec? a 1.4444 | 1.3403 | 1.3333 | 1.2500 | 1.1736 | 1.1600 
sec a tana __| 0.8012 } 0.6753 } 0.6667 | 0.5590 | 0.4514 | 0.4308 


V 224+ secta tanta 0.8958 | 0.7778 | 0.7698 | 0.6718 | 0.5781 | 0.5608 
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ROOF CONSTRUCTION 


TRUSSES—Corrriciunts or STRESSES 


n= L/H =2 cot a 


n=Span + Height = 2 cot a 


Qeot Member 
24/7 | 30° 24/5 24/7 24/5 


2.98 | 3.00 | 3.35 | 3.90 | 4.04 | 4. Aa .51| 4.98 | 5.00 | 5.59 | 6.50 
9.47 | 2.50 | 2.91 | 3.52|3.67 | 4. Bb .54.|3.96 | 4.00 | 4.55 |5.38 
2.57 |2.60|3.00|3.60| 3.75 | 4.2 Ce 40} 3.95 | 4.00 | 4.70| 5.73 
1.71| 1.73 | 2.00} 2.40|2.50/3. La .75 | 4.30} 4.33 |5.00| 6.00 
0.86 |0.87 |0.89|0.92|0.93|0.95|| Ld .25 | 2.57 | 2.60 13.00 | 3.60 
0.86 | 0.87 | 1.00 | 1.20} 1.25 | 1. ab, be | 0.93/ 0.99} 1.00| 1.08] 1.18 
ed 7 d F .00 | 2.40 


n=L/H= 2 cot 


n= Span + Height = 2 cota n= Span + Height = 2 cot a 


Member Qeot Member 2 cot 
3 |24/7) 39°} 4 |24/5| 5 3 |24/7| 390 24/5] 5 6 


Aa 6.31 | 6.95 | 7.00 | 7.83 | 9.10 | 9.42 |11. Aa 9.92 |10.9111.00'12. 3014. 30,14.8117.39 
5.76 | 6.44 | 6.50 | 7.38 | 8.72 | 9.05 |10.75 Bb 8.95 | 9.91 10.00 11. 25, 13.18,13.66)16.13 
5.20 | 5.94 | 6.00 | 6.93 | 8.33 | 8.68 |10.4: Ce 8.81 | 9.91 10.00)11.40 13. .53)14.07|16.76 
4.65 | 5.43 | 5.50 | 6.48 | 7.95 | 8.31 |10. Df 8.25 | 9.40} 9.50)10.9613,15)13.70 16.44 
5.25 | 6.00 | 6.07 | 7.00 | 8.40 | 8.75 |10. Eg 7.28 | 8.41} 8.50) 9.9112, 02)12.55/15.18 
4.50 | 5.14 |5.20/|6.00|7.20| 7.50} 9. Fh 7.14 | 8.40} 8.50/10. 06 12. 38)12.95/15.93 
3.00 | 3.43 | 3.46 | 4.00 | 4.80| 5.00} 6. La 8.25 | 9.43] 9.53/11. 00) 13.20)13.75)16.50 
0.83 | 0.86 | 0.87 | 0.89 | 0.92 | 0.93 | 0.95 Ld 6.75| 7.71] 7.79) 9.00|10.80)11.25)13.50 
1.66 | 1.73 | 1.73 | 1.79 | 1.85 | 1.86) 1. Li 4.50 | 5.14) 5.20) 6.00) 7.20) 7.50} 9.00 
0.75 | 0.86 | 0.87 | 1.00 | 1.20 | 1.25} 1.50jlab, be, fg, gh) 0.93 | 0.99] 1.00) 1.08} 1.18) 1.21) 1.34 
1.50 | 1.71} 1.73 | 2.00 | 2.40 | 2.50} 3. de 2.50 | 2.59] 2:60) 2.68] 2.77) 2.79) 2.85 
2.25 | 2.57 | 2.60 | 3.00 | 3.60} 3.75 | 4. ced, ef 1.50| 1.71) 1.73} 2.00) 2.40) 2.50) 3.00 
él "| 2.25 | 2.57] 2.60) 3.00) 3.60] 3.75 oy 
hi 3.75 | 4.29] 4.33] 5.00} 6.00) 6.25] 7.50 

The pitch of a truss is ‘ike ratio of the rise or height to the span length of the truss. 
Pitch =H/L=1/n, n=L/H= 1yJpitch, 

To obtain the stress in any member of a given truss, multiply the corresponding coefficient by 
the panel load W. 

Compression members are designated by +- and tension members by — 
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TRUSSES—Formuuas For STRESSES AND LENGTHS 
Ww 


Pet aaa Cc - 
H Ww 
f 2 
i 
Eas 
-—----) Tj aa ons ae ame voice or aoe omen ow al 
: n=L/H=2 cot a 3W 
"PRATT TRUSS—4 PANELS | -—-« PRATT TRUSS—6 PANELS © . 
Member Stress Length Member! Stress Length 
Aa, Bb+%47/n2+ 4xW)4 Lseca j|Aa, Bb+%4/n?+ 4 xW% Lseca 
La |-% n xwk L | Cd re Yn2+ 4 xWig Lseca 
Le /% n xwi% L |) lan tae a8 xWig L 
ab |+1 xwil% h He Teck =e th xwi% L 
be —M4y/n2+16 xw 47 L2+16h2 Toh? Le |-% n paalligg wen 
ab |+1 xwlg h 
| cd |+% xWi% h 
| be |-47/n2+16 <Wiay/ L2+16h2 
| de |24)/n2+36 xW My L2+36h? 
+ 
! 
# 
-------------- L-—--- A ee ee Ee 
n=L/H=2 cota 5W 
- PRATT TRUSS—8 PANELS . 
Member| _ Stress Length | Member Stress Length 
Aa, Bb\+%y/n2+ 4 4xw}% Lseca | Aa, Bb\+%)/n2+4 xW)4o Lseca 
Cd +56)/ nat 4 4xWits Lseca Cd |+2)/n2+4 xWi%o Lseca 
Dt |+54)/n2+ 4xW Lseca || Df |+%4)/n2+4 xWi4o Lseca 
Tag etn xwis L Eh |+%j//n2+4 xW})%4o Lseca 
Le |-% n xwiig L La }—-% n =xWi4o L 
Le -—% n xwie L Le ;-2 n xWiYo L 
lg —- nn xw% L Le |-% n xW'o L 
ab [+1 xwi h Lg —% n xW io L 
cd |—3% xwie hh Jil, rAe at xW eee ll, 
Shir WEE xws h ab) jaa xWit h 
be |—4)/n2+16xw sv L2+416h2| cd [+3 xw% hb 
de —Vy/ n2+36xW Yey/ L2+36h2| ef |+2 xW. 8 OC 
fe |-tYAy/ n2+64xwisy L2+64h2)) gh jt% __ xWwi% h 
be |“ n2+ 16xW4o// L2+16 h2 
de |—%7/n2+ 36xW)4o/ L2+ 36h2 
fg AV Bees n2+ 64xW Moy L2+ 64h2 
| hi Vy/ n2+100xW “oy L2+100h2 


= 


ROOF CONSTRUCTION 


TRUSSES—Coerricients or STRESSES 


n=L/H=2 cot a 


n= Span + Height — 2 cot a 


Member AeT || Member ae 
3 |24/7/390| 4 |24/5| 5 | 6 | 3 |24/7|‘g°| 4 /24/5) 5 | 6 


| | 


Aa, Bb | 2.70} 2.98 | 3.00 | 3.35 |3.90)4.04/4.74|/ Aa, Bb /|4.51|4.96| 5.00|5.59 | 6.50|6.73 | 7.91 
La = | 2.25 | 2.57 | 2.60 | 3.00 | 3.60 | 3.75 | 4.50 Cd 3.61 | 8.97 | 4.00 |4.47 | 5.20} 5.39 | 6.32 
Le 1.50 | 1.71 | 1.73 | 2.00 | 2.40 | 2.50 | 3.00 La 3.75 | 4.29 | 4.33 | 5.00 | 6.00} 6.25 | 7.50 
ab | 1.00] 1.00} 1.00) 1.00 | 1.00 1.00 | 1.00 Le 3.00 | 3.43 | 3.46 | 4.00} 4.80 | 5.00 | 6.00 
be 1,25 | 1.32 | 1.32 | 1.41 | 1.56/1.60| 1.80 Le 2.25 | 2.57 | 2.60 | 3.00 | 3.60} 3.75 | 4.50 

ab 1.00 }1.00|1.00}1.00| 1.00} 1.00} 1.00 

| ed 1.50 | 1.50} 1.50}1.50) 1.50} 1.50 | 1.50 

be 1.25 | 1.32 | 1.32 | 1.41] 1.56] 1.60 /1.80 

de 11.92 


n=L/H=2cota 
n= Span + Height = 2 cot a | 
= mee | Member 
3 [24/7/90] 4 |24/5| 5 | 6 


6.95 | 7.00 9.10 Aa, Bb : : : ! 
Cd |5.41]5.95)6.00|6.71|7.80}8.08} 9.49) Cd 7.21|7.94/8.00] 8.94/10.40)10.77|12.65 
Df |4.51)4.97|5.00}5.59|6.50|6.73| 7.91 Df 6.31 |6.95| 7.00} 7.83) 9.10] 9.42)11.07 
La [5.25] 6.00|6.06/7.00|8.40|8.75 |10.50) Eh 5.41|5.95 | 6.00| 6.71) 7.80} 8.08} 9.49 
Le |4.50/5.14|5.20|6.00]7.20|7.50| 9.00! La 6.75 | 7.71 |7.79 | 9.00/10.80)11.25)13.50 
Le | 3.75|4.29 |} 4.33 |5.00/6.00|6.25| 7.50 Le 6.00 | 6.86 | 6.93 | 8.00) 9.60/10.00/12.00 
Lg  |3.00}3.43|8.46 |4.00/4.80/5.00| 6.00) Le 5.25 |6.00|6.06| 7.00] 8.40] 8.75 10.50 
ab {1.00} 1.00]1.00/1.00} 1.00} 1.00) 1.00 Lg 4.50|5.14|5.20| 6.00} 7.20] 7.50) 9.00 
ed =| 1.50} 1.50) 1.50}1.50}1.50/1.50) 1.50 Li 3.75 |4.29 |4.33 | 5.00} 6.00) 6.25) 7.50 
ef 2.00 | 2.00 | 2.00 | 2.00 | 2.00) 2.00} 2.00 ab 1,001.00} 1.00} 1.00) 1.00) 1.00) 1.00 
be =. 1.25} 1.32] 1.82 }1.41]1.56}1.60| 1.80 ed 1.50} 1.50} 1.50) 1.50) 1.50} 1.50) 1.50 
de |1.68]1.73}1.73 1.80) 1.92}1.95| 2.12 ef 2.00 |2.00 | 2.00} 2.00) 2.00) 2.00) 2.00 
fg  |2.14)2.18| 2.18 | 2.24 | 2.33 | 2.36 | 2.50) gh 2.50 | 2.50 |2.50| 2.50) 2.50) 2.50) 2.50 
be 1.25] 1.32 |1.32] 1.41) 1.56] 1.60) 1.80 
| de 1.68 | 1.73} 1.73) 1.80} 1.92)-1.95) 2.12 
fg 2.14 | 2.18 )2.18| 2.24] 2.33) 2.36) 2.50 
i 2.80} 2.92 
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CORRUGATED SHEETS , 


Corrugated sheets are used for roofs and sides of buildings. They 
-are usually laid directly upon the roof purlins and held in place by 
means of clips of steel hoops which encircle the purlin and are 
placed about 12 inches apart. Special care must be taken that the 
projecting edges of the sheets at the eaves and gable ends of the 
roof are well secured, otherwise the wind will loosen the sheets. 

Corrugated sheets are made in the sizes given on opposite page, 
the size most generally used has nominally 24-inch corrugations, 
actual width 2% inches, about 14 inch in depth. The gages frequently 
used for roofing are Nos. 20 and 22, U. S. Standard Gage. 

By one corrugation is meant the double curve between corres- 
ponding points, and by depth of corrugation the greatest deviation 
of the curved surfaces from the straight line. 

One and one-half corrugations are allowed for lap in the width 
of the sheet and 6 inches in the length for the usual quarter pitch 
roof; one corrugation in width and 4 inches in the length of the 
sheet is usually allowed for sidings. 


’ Corrugated sheets of 2,214 and 3 corrugations are furnished in 
standard lengths of 5, 6, 7, 8,9 and 10 feet and with a standard 
covering width of 24 ti when laid with a lap of either one 
or one and one-half corrugations. 

By experiment it has been determined that corrugated sheet 
steel, 54g inch deep and No. 20 gage spanning 6 feet, began to 
give a permanent deflection with a load of 30 pounds per sq. foot, 
and that it collapsed with a load of 60 pounds per sq. foot. 
The distance between centers of purlins should, therefore, not 
exceed 6 feet and should preferably be less than this. 

Approximately the uniformly distributed safe load of corrugated 
sheets may be obtained from the formulas given below, using the 
following notations :— 

W=Total allowable uniform load, in pounds. 
b=Curvilinear width of sheet, in inches (b=1.075 x covering 
width). 

1—Unsupported length of sheet, in inches. 
t=Thickness of sheet, in inches. 
d=Depth of corrugations, in inches. 
f—Allowable fiber stress, in pounds per sq. inch. 

Ke OL ee Siew 4b dt sammese tbat 

Then; W= ea Garni cats Sart 

f— 12000, W= 25,600 bdt 
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CORRUGATED SHEETS 


AMERICAN SHEET AND TIN PLATE COMPANY 


DESCRIPTION OF SHEETS AREAS OF SHEETS 


Corrugations Width, Inches| 
Width, Inches 


Sq. Ft. in 1 Sheet Sheets in 100 Sq. Ft. 


Corrugations Corrugations 


5 3,214" yy", 31, 2Yyl,) 
QU bg"! GNMG 


Nomi-| 
wat Actual 


Length of 
Sheet, Inches 


Bie slo 6 : 11.67 f 10.42 
3 3 9 14.00 x 12.50 
#216 | 236 p 16.33 : 14.58 
244 | 2% 2 18.67| 17.33 |16.67 
2 21.00 f 18.75 
Lg 1 \23.33 : 20.83 
Peal Ye E 28.00) 26.00 | 25.00 
Standard lengths 5, 6, 7, 8,9 and 10 ft. Maximum length, 12 ft. except for 54’’ corrugation. 
Sizes denoted *214 are for the 2714” width. 


PaIntTEeD SHEETS—Weights in Pounds per 100 Square Feet. 


- 


Thickness, United States Standard Gage 
TOM 12) |) 149) 16") 18) 20 21 | 22 23 | 24 
; 


470 | 336 | 269 
472 | 338 | 270 

615 | 478 | 342 | 274 
607 | 472 | 338 | 270 
270 


Thickness, United States Standard Gage - 
10 | 12 (ie isiooulote| 22 23) oa o5 | 26 


486 151 124/111 

488 5 151 125) 111 

631 | 494 153 126 | 113 
623 | 488 | 3! 151 125/111 
151 125} 111 

158 130 | 116 

130 | 116 


The weights per 100 square feet given in preceding tables do not include 
allowances for end or sidelaps. The following table gives the approximate 
number of square feet of sheeting necessary to cover an area of 100 square 
feet and is based on sheets of standard width, 96 inches long. If longer or 
shorter sheets are used, the number of square feet required will vary accordingly. 


Sq. Fest or 2144 In. Stanparp Surets to Cover Arma or 100 Sq. Fr. 


End Lap, Inches 
1 2 3 4 5 
1 Corrugation 109 eile 112 113 114 


1% 116 117 118 120 121 
2 # 123 124 126 127 129 


Side Lap 
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STRUCTURAL TIMBER 


The strength of structural timbers depends upon a number of 
factors; the kind of wood, the age of the tree, the time of the year 
in which it was felled, the method of sawing, the character of the 
seasoning and therewith its moisture content, the proportion of 
heartwood to sapwood and the proportion of knots to clear wood. 


In consequence of these variable factors, the working unit stresses 
approved by the building laws of different cities vary widely, as 
well also as the unit stresses given in the proceedings of the various 
engineering associations. They go back in some cases to the 
studies made in 1895 by the Association of Railway Superintendents 
of Bridges and Buildings. 


The most recent studies in this direction have been made by the 
American Railway Engineering Association, and the tables for 
wooden beams and columns which follow are based on the working 
unit stresses for structural timbers adopted by that Association. 
The table of working unit stresses has been reprinted, by permission, 
from the Manual, edition of 1911. 


These unit stresses vary with the class of construction. They are 
intended, as noted, for railway bridges and trestles. For highway 
bridges and trestles and for buildings and similar structures, the 
unit stresses may be increased in accordance with the more quiescent 
character of the loading and freedom from deleterious weather 
conditions. The values are based on carefully selected timber 
purchased in accordance with the standard specifications of the 
Association arid subject to careful inspection. 


The commercial timbers which are in common use in building 
construction will not meet these specifications, and, therefore, the 
unit stresses approved by good building practice as evidenced in 
the building laws of various cities are rightly lower. The tables 
as they stand are in accord with the average practice as represented 
by these building laws, and may, therefore, be used as they stand 
for ordinary building work executed with the commercial grades of 
timber, such as can be purchased in the open market. 


The allowable loads may be adjusted to other species of wood 
than those stated in the headings of the tables and to other unit 
stresses by the direct proportion which such unit stresses bear to 
those for which the tables are computed. In the case of columns 
the values may be adjusted to any working unit stress by direct 
proportion based on the relations of I/d. 
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TIMBER SAFE LOADS 


WORKING UNIT STRESSES FOR STRUCTURAL TIMBER 


ADOPTED BY THE AMERICAN RAILWAY ENGINEERING ASSOCIATION 


The working unit stresses given in the table are intended for railroad 


For highway bridges and trestles, the unit stresses 


bridges and trestles. 


For buildings and similar structures, in which 


the timber is protected from the weather and practically free from impact 


may be increased 25 per cent. 


’ 


To compute the deflection 


of a beam under long continued loading instead of that when the load is 


the unit stresses may be increased 50 per cent. 


first applied, only 50 per cent. of the corresponding modulus of elasticity 


n in the table is to be employed. 


give 
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CARNEGIE STEEL COMPANY 


WOODEN BEAMS 


The safe load tables of wooden beams which follow, based upon 
the working unit stresses adopted by the American Railway 
Engineering Association, give the uniformly distributed safe loads 
for rectangular sections one inch thick; the safe load for a beam of 
any thickness is found by multiplying the tabular value by the 
thickness of the beam in inches. The safe loads include the weight 
of the beams and are computed on the assumption that the beams 
are braced against lateral deflection. These tables also give mini- 
mum and maximum spans and coefficients of deflection. 

The maximum safe loads as limited by the allowable shearing 
stresses along horizontal axes of beams have been calculated from 
the formula: Maximum safe load = 44 x area of section x, safe 
unit stress for longitudinal shear. These limits, indicated also by 
horizontal lines in the tables, should not be exceeded to avoid 
failure of the beam in horizontal direction of the grain of the wood. 

The theoretical deflection in the center of the span for uniformly 
distributed and permanently applied loads is obtained from the 
coefficients of deflection by dividing the depth of the beam, in 
inches, into the corresponding coefficient; the result obtained only 
approximates the actual deflection, as the modulus of elasticity 
varies with the moisture content of the wood. 

The deflection of beams intended to carry plastered ceilings should 
not exceed 1460 of the span; the table gives the maximum spans for 
this limit, for uniformly distributed and permanently applied loads. 

For loads concentrated in the center of the span, use one-half the 
values for the tabular loads and four-fifths of the coefficients of 


deflection. For special cases of loading, see pages 183 to 188. 

Exampue 1.—Required the thickness and the approximate deflection of a 
beam of white oak, 14 inches deep, supporting a uniformly distributed and 
permanent dead and live load of 10,000 pounds over a span of 19 feet. 

The tabular value for a beam one inch thick and for a span of 19 feet is 
1,261 pounds; the required thickness is therefore 10,000--1,261=8 inches, and 
the deflection is 20.72+14—1.48 inches. 

ExampLe 2.—Required the safe load of a beam of white pine, 8 inches 
deep and 6 inches thick, without exceeding the longitudinal shearing stress. 

The table gives for a corresponding beam 1 inch thick a safe load of 747 
pounds; the total safe load is therefore 6 x 747=4,482 pounds, or the safe load 
which can be safely supported over a span of 8.6 feet. 

Exampite 3.—Required the safe load, concentrated in the center of a span 
26 feet long, and the deflection of a beam of longleaf pine, 18 inches deep and 
12 inches thick. : 

The table gives for a corresponding beam 1 inch thick a uniformly distri- 
buted safe load of 1,800 pounds, or for aload in center of span 1,800-+-2—900 
pounds; for a beam 12 inches wide the safe load is therefore 900 x 12—10,800 
pounds, and the deflection is approximately 4% x 32.75+18=1.46 inches. 
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TIMBER SAFE LOADS 


RECTANGULAR WOODEN BEAMS—ONE INCH THICK 


Maximum Sarre Loaps Aanp Limiting Spans 


5 White Longleaf | Shortleaf White Douglas Western Spruce 
aie Oak Pine Pine Pine Fir Hemlock 
o 
=a 
EI Max. | Min. | Max. | Min.| Max. | Min. | Max. | Min.| Max. | Min.| Max. | Min.| Max. | Min. 
=~ | Load, |Span,) Load, |Span,| Load, |Span,| Load,/Span,| Load, |Span,| Load, |Span,| Load, |Span, 
38 Lbs. | Ft. | Lbs. | Ft. | Lbs. | Ft. | Lbs. | Ft. | Lbs. | Ft. | Lbs. | Ft. | Lbs. | Ft. 
2 293] 1.7; 320] 1.8) 347) 1.4) 187] 2.1) 293) 1.8) 267| 1.8} 187| 2.4 
4 587! 3.3) 640) 3.6) 693) 2.8] 373) 4.3) 587|) 3.6) 533] 3.7) 373] 4.8 
6 880} 5.0) 960) 5.4) 1040) 4.2) 560) 6.4) 880) 5.5) 800) 5.5) 560) 7.1 
8 | 1173) 6.7) 1280) 7.2) 1387) 5.6} 747) 8.6) 1173) 7.3) 1067) 7.3) 747) 9.5 
10 | 1467] 8.4) 1600) 9.0) 1733) 7.1) 933)10.7| 1467} 9.1) 1333) 9.2) 933) 11.9 
12 | 1760) 10.0) 1920} 10.8} 2080) 8.5) 1120) 12.9] 1760) 10.9] 1600) 11.0} 1120) 14.3 
14 | 2053} 11.7| 2240) 12.6) 2427) 9.9) 1307) 15.0} 2053) 12.8] 1867] 12.8] 1307| 16.7 
16 | 2347) 13.4) 2560) 14.4) 2773) 11.3) 1493) 17.1] 2347] 14.6] 2133) 14.7] 1493) 19.0 
18 | 2640} 15.0) 2880) 16.3} 3120] 12.7| 1680] 19.3] 2640) 16.4] 2400) 16.5] 1680) 21.4 
20 | 2933} 16.7) 3200) 18.1] 3467) 14.1] 1867] 21.4] 2933) 18.2] 2667] 18.3] 1867] 23.8 
22 | 3227) 18.4| 3520] 19.9) 3813] 15.5} 2053] 23.6) 3227| 20.0) 2933) 20.2) 2053) 26.2 
24 | 3520) 20.0) 3840) 21.7; 4160) 16.9 2240) 25.7 3520} 21.9} 3200} 22.0} 2240) 28.6 


CoEFFICIENTS OF DEFLECTION FOR PERMANENT LoapDs 


Taf 
Sat” | Wh Sot | Wh 
| lea: ite | lea: ite 
Span | white| 402% | Pine, | Pine, Span | white| 428"! pine, | Pine, 
in leaf | Spruce || in leaf Spruce 
Feet | Oak | Pine |Western Douglas Feet | Oak | pine |Western)/Douglas 
Hem-| Fir Hem-| Fir 
lock lock 
1 0.06} 0.05} 0.05; 0.05} 0.05] 21 | 25.31] 21.37 | 19.67 | 21.05 | 20.20 
2 0.23] 0.19} 0.18] 0.19} 0.18]| 22 | 27.78] 23.44)| 21.59 | 23.10| 22.17 
3 0.52} 0.44) 0.40] 0.43] 0.41] 23 | 30.37 | 25.63] 23.59 | 25.25 | 24.23 
4 0.92| 0.78} 0.71} 0.76) 0.73]| 24 | 33.06} 27.91] 25.69 | 27.49 | 26.38 
5 1.44] 1.21] 1.12) 1.19) 1.15]|| 25 | 383.88] 30.28] 27.88 | 29.83 | 28.63 
6 2.07) 1.74] 1.61] 1.72) 1.65]| 26 | 38.80] 32.75] 30.15] 32.27 | 30.96 
7 2.81] 2.387| 2.19] 2.34] 2.24] 27 | 41.85] 35.32] 32.51 | 34.80] 33.39 
8 3.67] 3.10] 2.85] 3.06] 2.93]/ 28 |45.00|37.99| 34.97/37.42|35.91 
9 4.65| 3.92| 3.61] 3.87] 3.71!) 29 |48.27| 40.75] 37.51] 40.14] 38.52 
10 5.74| 4.85| 4.46] 4.77] 4.58 30 | 51.66] 43.61] 40.14 | 42.96 | 41.22 
it 6.95] 5.86] 5.40} 5.78} 5.54] 31 |55.16/ 46.56] 42.86] 45.87 | 44.01 
12 8.27] 6.98| 6.42] 6.87] 6.60] 32 |58.78|]49.61]| 45.67 | 48.88 | 46.90 
13 9.70| 8.19| 7.54] 8.07) 7.74] 33 |62.51|52.76) 48.57] 51.98 | 49.88 
14 |11.25| 9.50] 8.74] 9.386] 8.98] 34 | 66.35] 56.01] 51.56/ 55.18 | 52.95 
15 |12.92|10.90| 10.04|10.74|10.31]) 35 |70.32|59.35) 54.64] 58.47 | 56.11 
16 |14.69/| 12.40] 11.42|12.22|)11.73]) 36 | 74.39] 62.79] 57.80] 61.86 | 59.36 
17 |16.59/14.00/ 12.89/13.79/13.24|| 37 | 78.58] 66.33]61.06| 65.34] 62.70 
18 |18.60)15.70| 14.45] 15.47|14.84] 38 |82.89/ 69.96] 64.40] 68.92 | 66.14 
19 |20.72/17.49/ 16.10] 17.23/16.53]| 39 |87.31| 73.69] 67.84 |72.60/ 69.66 
20 | 22.96/19.38] 17.84] 19.09]18.32]| 40 | 91.84) 77.52| 71.36] 76.37 | 73.28 


Maximum Spans IN Fret ror DEeFrrecTions—=e0 SPAN 


Depth of Beam in Inches 


Species of Timber 


2) 4 6 So 20) 12 14; |) 165), 189/520) 221) 24 

White Oak 1.2/2.3|}3.5|4.6)5.8] 7.0} 8.1) 9.3)10.5/11.6/12.8)13.9 

Longleaf Pine 1.4/2.8/4.1)5.5|6.9|8.3| 9.6/11.0)12.4/13.8/15.1/16.5 

Shortleaf Pine, Hemlock |1.5/3.0/4.5 | 6.0} 7.5 | 9.0 |10.5}12.0]13.5/15.0/16.4/17.9 

White Pine, Douglas Fir |1.4|2.8|4.2|5.6]7.0|8.4| 9.8)11.2/12.6|14.0)15.4/16.7 

Spruce 1.5 12.9 }4.41) 5.8) 7.3 | 8.7 |10.2)11.6)13.1)14.6/16.0)17.5 
[Ee sgt Stak a a RO ee 


CARNEGIE STEEL COMPANY 


RECTANGULAR WOODEN BEAMS—ONE INCH THICK 
DOUGLAS FIR 


ALLOWABLE UNIFoRM LOAD IN PoUNDS 


Maximum Bending Stress, 1200 Pounds per Square Inch 


P Depth of Beam in Inches 
pan 
in 
Feet | 9 4 6 8 10 | 12 14 16 18 20 22 | 24 
aoe) sl -. 
298 / 
2 267 | 
3 178 | 587 } | 
4 | 133 | 533 
5 1 007 | 427 | 
880 / | 
6 89 | 356 | 800 ) 
a. 76 | 305 | 686 | 1178 ; 
8 67 | 267 | 600 | 1067 
9 237 | 533 | 948|_ 1467 | 
10 213 | 480 | 853] 1333 | 
1760 
11 194 | 436 | 776|1212|1745 
12 178 | 400 | 711] 1111] 1600] 2058 
13 369 | 656| 1026 | 1477 | 2010 
14 343 | 610| 952] 1371|1867 |_ 2547 | 
15 320 | 569] 889] 1280] 1742 | 2276 
t 
16 300 | 533] 833} 1200] 1633 | 2133 | 2640 
17 502] 784] 1129] 1537 | 2008 | 2541 
18 474| 741] 1067 | 1452 | 1896 | 2400 |_ 29033 
19 449| 702| 1011] 1375 | 1796 | 2274 | 2807 |_3227 
20 427! 667| 960] 1307 | 1707 | 2160 | 2667 | 3227 
21 635| 914] 1244 | 1625 | 2057 | 2540 | 3073 | 3520 
22 606| 873|1188 | 1552 | 1964 | 2424 | 2933 | 3491 
23 580| 835]|1136 | 1484 | 1878 | 2319 | 2806 | 3339 
24 556| 800] 1089 | 1422 | 1800 | 2222 | 2689 | 3200 
25 768 | 1045 | 1365 | 1728 | 2133 | 2581 | 3072 
26 738 | 1005 | 1313 | 1662 | 2051 2482 | 2954 
27 ‘711 | 968 | 1264} 1600] 1975 | 2390 | 2844 
28 686 | 933] 1219 | 1543 | 1905 | 2305 | 2743 
29 901 | 1177 | 1490] 1839 | 2225 | 2648 
30 871 | 1138 | 1440 | 1778 | 2151 | 2560 
31 843 | 1101 | 1394 | 1720 | 2082 | 2477 
32 817 | 1067 | 1350 | 1667 | 2017 | 2400 
33 1034 | 1309 | 1616 | 1956 | 2327 
34 1004 | 1271 | 1569 | 1898 | 2259 
35 975 | 1234 | 1524} 1844 | 2194 
36 948 | 1200 | 1481 | 1793 | 2133 
37 1168 | 1441 | 1744 | 2076 
38 1137 | 1404 | 1698 | 2021 
39 1108 | 1368 | 1655 | 1969 
40 1080 | 1333 | 1613 | 1920 
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Horizontal lines indicate the limit for resistance to shear in the horizontal direction of the grain. 


TIMBER SAFE LOADS 


RECTANGULAR WOODEN BEAMS—ONE INCH THICK 


LONGLEAF PINE 


ALLOWABLE UNnirorm Loap In Pounps 


Maximum Bending Stress, 1300 Pounds per Square Inch 


Depth of Beam in Inches 
Span 
in 
Feet | 9 4 6 eh fo 4 a2 | WAN ae} aa 20 WV en oy 
820 
2 | 289 
3 193 | 649 
4 | 144 |-578 
5 | 116] 462 
960 
6 96 | 385 | 867 
z 83 | 330 | 743 | 1280 
8 72 | 289 | 650 |1156 
9 257 | 578 | 1027 |_1600 
10 231 | 520 | 924/1444 ; 
1920 “at 
11 210 | 473 | 840]1313/1891 
12 193 | 433 | 770|1204| 1733 |_ 2240 
13 400 | 711|1111]|1600/2178 
14 371 | 660 | 1032] 1486 | 2022 |_2560 
15 347 | 616| 963| 1387 | 1887 | 2465 
16 325 | 578] 903] 1300]1769 | 2311 |_2880_| 
17 544| 850] 1224] 1665 | 2175 | 2753 
18 514] 802] 1156] 1573 | 2054. | 2600 |_ 3200 
19 487| 760 | 1095 | 1490 | 1946 | 2463 | 3041 |_8520_) 
20 462| 722|1040| 1416 | 1849 | 2340 | 2889 [3496 
21 688| 991 | 1348 | 1761 | 2229| 2751/3329] _sedo_ 
22 657| 945] 1287 | 1681 | 2127 | 2626/3178 13789 
23 628| 904] 1231 | 1608 | 2035 | 2512 | 3040 | 3617 
24 602| 867]1180] 1541 | 1950 | 2407 | 2913 | 3467 
25 832 | 1132 | 1479 | 1872 | 2311 | 2796 | 3328 
26 800 | 1089 | 1422 | 1800 | 2222 | 2689 | 3200 
27 770 | 1049 | 1370 | 1733 | 2140 | 2589 | 3082 
28 743 | 1011 | 1321 | 1671 | 2064 | 2497 | 2971 
29 976 | 1275 | 1614 | 1992 | 2411 | 2869 
30 944 | 1233 | 1560 | 1926 | 2330 | 2773 
31 913] 1193 | 1510 | 1864 | 2255 | 2684 
32 885 | 1156 | 1463 | 1806 | 2185 | 2600 
33 1121 | 1418] 1751 | 2119| 2521 
34 1088 | 1377 | 1699 | 2056 | 2447 
35 ' 1057 | 1337 | 1651 | 1998 | 2377 
s 
36 1027 | 1300 | 1605 | 1942 | 2311 
37 1265 | 1562 | 1890 | 2249 
38 1232 | 1521 | 1840] 2189 
39 1200 | 1482 | 1793 | 2133 
40 1170 | 1444 | 1748 | 2080 


Horizontal lines indicate the limit for resistance to shear in the horizontal direction of the grain. 


337 


CARNEGIE STEEL COMPANY 


RECTANGULAR WOODEN BEAMS—ONE INCH THICK 
SHORTLEAF PINE, WESTERN HEMLOCK AND WHITE OAK 
ALLOWABLE UnrrormM Loap IN POUNDS 
Maximum Bending Stress, 1100 Pounds per Square Inch 


Depth of Beam in Inches 


10 | 12 | 14 


_ Upper, middle, and lower horizontal lines indicate the limits for resist: t i 
horizontal direction of the grain of Shortleaf Pine, White Oak, and Si on inde eae 
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TIMBER SAFE LOADS 


RECTANGULAR WOODEN BEAMS—ONE INCH THICK 
WHITE PINE 


ALLOWABLE Untrorm Loap In Pounps 


Maximum Bending Stress, 900 Pounds per Square Inch 


Depth of Beam in Inches 


Feet | 9 4 6 Seetoe edz 14) 16 || 18.1100 8 noo immo 


' 


19 337 | 526 | 758 | 1032 | 1347 |_1680 
20 320 | 500 | 720) 980} 1280 | 1620 


21 476 | 686} 933] 1219/1543 |_ 1867 
22 455 | 655| 891]|1164/ 1473/1818 
23 435 | 626| 852/1113/1409/1739 | 2053 
24 417 | 600| 817 | 1067 | 1350) 1667 | 2017 
25 576| 784)| 1024 | 1296 | 1600 | 1936 


26 554| 754} 985] 1246 | 1538 | 1862 | 2215 
27 533| 726| 948]1200) 1481 | 1793 | 2133 
28 514|} 700} 914) 1157 | 1429 | 1729 | 2057 
29 676| 883) 1117] 1379 | 1669 | 1986 


30 653] 853 1080 | 1333 | 1613 | 1920 


31 632| 826] 1045 | 1290/1561 | 1858 
32 613; 800) 1013 | 1250} 1513 | 1800 
33 776| 982) 1212 | 1467 | 1746 
34 753| 953) 1176 | 1424 | 1694 


35 731| 926) 1143 | 1383 | 1646 


36 711| 900] 1111) 1344 | 1600 
37 876 | 1081 | 1308 | 1557 
38 853 | 1053 | 1274 | 1516 
39 831 | 1026 | 1241 | 1477 
40 810 | 1000 | 1210} 1440 


Horizontal lines indicate the limit for resistance to shear in the horizontal direction of the grain. 
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CARNEGIE STEEL COMPANY 


RECTANGULAR WOODEN BEAMS—ONE INCH THICK 
SPRUCE 
ALLOWABLE UNIFORM LOAD IN POUNDS 


Maximum Bending Stress, 1000 Pounds per Square Inch 


Depth of Beam in Inches 


10 | 12 | 14 | 16 
| 


1867 
1852 
1778 


1709 |_ 2058 
1646 | 1992 
1587 | 1921 | 2240 
1533 | 1854 | 2207 
1481 | 1793 | 2133 


1434 | 1735 | 2065 
1389 | 1681 | 2000 
1347 | 1630 | 1939 
1307 | 1582 | 1882 
1270 | 1537 | 1829 


1235 | 1494) 1778 
1201 | 1453 | 1730 
1169 | 1415 | 1684 
1140/1379} 1641 
1111 | 1344 | 1600 


Horizontal lines indicate the limit for resistance to shear in the horizontal direction of the grain. 


340 


TIMBER SAFE LOADS 


WOODEN COLUMNS 


The safe load tables of wooden columns which follow, based 
upon the working unit stresses adopted by the American Railway 
Engineering Association, give the allowable direct compressive 
loads for square and round columns, 

The safe loads of rectangular columns may be found from the 
safe loads of square columns by direct proportion of areas, using 
the safe load unit stress of the square column whose side is equal 
to the least side of the rectangular section. 

The following table gives the safe load in pounds per square inch 
of sectional area for ratios of 

1 __ effective length of column, in inches 
d least side or diameter, in inches : 
ranging between limits of 15 and 30. 


Uxit WoRKING STRESSES IN POUNDS PER SQUARE INCH 


—— 


‘ Shortleaf 
pens ge aes mae Pine, White Pine, | Red Cedar, Norway 
4 White Oak Hemlock Bald Ones . Tamarack Redwood Pine 
1300 (1—1/d60)|1200 (1—1/d60) 1100 (1—1/d60)|1000 (1—1/d60)| 900 (1—1/d60) | 800 (1—1/d60) 
15 975 900 825 750 675 600 
16 953 880 807 , 733 660 587 
17 931 860 788 Wee 645 573 
18 910 840 770 700 630 560 
19 888 820 752 683 615 | 547 
20 867 800 733 667 600 | 533 
21 845 780 715 650 585 | 520 
22 823 760 697 633 570 507 
23 802 740 678 | 617 555 493 
24 780 720 660 600 540 480 
25 758 700 642 583 525 467 
26 Me, 680 623 567 510 553 
27 715 660 605 | 550 495 440 
28 693 640 587 533 480 427 
29 672 620 568 517 465 413 
30 650 600 550 500 450 400 


Exampxue 1.—Required the allowable load for a column of white oak 
10” x 8”, 14 feet long. 

The safe load given in the table for a square white oak column 8” x 8”, 
14 feet long, is 54,100 pounds. The load for the 10’ x 8” section is 
10 x 54,100 + 8= 67,600 pounds. : ‘ 

Examp.ye 2.—Required the allowable load for a spruce pile, 9’’ diameter 
and 18 feet long. 

The unit stress given in the above table for the corresponding ratio of 
1/d, 18 x 12 + 9 = 24 is 660 pounds, and the sectional area for a 9” round is 
63.62 square inches. The safe load, therefore, is 63.62 x 660=42,000 pounds. 
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CARNEGIE STEEL COMPANY 


SQUARE WOODEN COLUMNS 


Sarge Loaps IN THOUSANDS OF POUNDS 


American Railway Engineering Association Formulas 


Length, 


Side of Square, Inches 


10 


12 


LONGLEAF PINE 


g 


WNNWWW 


WHITE OAK 
1300 (1—1/60d) 

COIS eee 

CHOON mw 


fe 
=| 
& 
< 
J 
oS 
=) 
° 
a 


co 
pe 
> 


1200 (1—1/60d) 
Why wo 
RIES OO 
CORmNN 


WESTERN HEMLOCK 


SHORTLEAF PINE 


SPRUCE 
1100 (1—1/60d) 


Ww Rh A ROK 
SERIO ee 
WNW wOwWow 


WHITE PINE 


TAMARACK 
1000 (1—1/60d) 


48.0 
48.0 
46.4 
44.8 
41.6 
38.4 
35.2 
32.0 


75.0 


72.0 
68.0 
64.0 
60.0 


108.0 


105.6 
100.8 
96.0 


147.0 


145.6 
140.0 


192.0 
192.0 


248.0 


Loads in small figures above horizontal lines are the maximum allowable safe loads. 
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800.0 


TIMBER SAFE LOADS 


ROUND WOODEN COLUMNS 


Sarge Loaps in THousANDS OF PouUNDS 


American Railway Engineering Association Formulas 


Length, Diameter, Inches 
Ree a 6 8 10 ie ee 16 18 20 
12.3 | 

Z Beales 

Bus) 6), 11.4 

Zu 7 10.6 |__27.6 

Aids} 8 9.8 | 27.0 

pe 9 9.0 | 25.7 |__49.0 

<3 10 8.2 | 24.5 | 49.0 

See) £4 23.3 | 47.4 

oko 12 22.1 | 45.7 76.6 

255| 14 19.6 | 42.5 | 73.5 |_1108 

Pe bevh ag 39.2 | 69.4 | 107.8 


18 35.9 | 65.3 |-102.9 


ig 6%) 11.3 
i] Sg] 8 | 10.6 

Bas if 9.8 25.4 

HSS! 8 9.1 | 24.9 

iw 9 Sigs 2307 ule 45.2 

me ah 10 1.5 | 22.6 \W45:2 

oZv| 11 21.5 | 43.7 

DRo| 12 20.4 | 42.2 |_ 10.7 

Sam| 14 18.1 | 39.2 |-67.9 |_101.8 
Bevie. 16 36.2 | 64.1 | 99.5 
= 18 33.2 | 60.3 | 95.0 


20 80.2 | 56.5 | 90.5 


1¢.4 
; 5 | 10.4 
Perera) 9.7 
a = i 9.0 |__ 23.8 
ge} 8 8.3 | 22.8 
<57 9 | 7.6 | 21.8 |_415 
mel; 10 | 6.9 | 20.7 |-41.5 
Rac} 11 19.7 | 40.1 
Bns| 12 18.7 | 38.7 |_648 
Ona 14 16.6 | 35.9 | 62.2 |_ 93.8 
mo) 16 Bo 2meoS: (a olsom 127.0 
we 18 30.4 | 55.3 | 87.1 [125.8 |_165.9 


9.4 
5 9.4 
Tc ? 35 21.2 
ea] : ; 
Z6s| 8s | 75 b307 
AST] 9 6.9 | 19.8 |_ 387.7 
got | to.) 6.3'| 18.9 [37.7 
EsC} 11 17.9 | 36.4 
mao! 12 17.0 | 35.2 |_ 58.9 
Bes] 14 15.1 |, 32.7 | 56.5 |_ 848 
a LO 30.2 | 53.4 | 82.9 |_115.5 


18 ; 27.6 | 50.3 | 79.2 | 114.4 |_160.8 


25.1 150.8 | 190.9 


Loads in small figures above horizontal lines are the maximum allowable safe loads. 
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CARNEGIE STEEL COMPANY 


SPECIFIC GRAVITIES AND WEIGHTS 


oe Weight, | te 
Specific | Pounds || Subetante Specific 


per 
Cu. Ft. | 
| 


Substance 


Gravity | Gravity 


‘iG 
Metals, Alloys, Ores | Timber, U. S. Seasoned | 
Ash, white-red 0.62-0.65 


Cedar, white-red 0.32-0.38 
Chestnut 


to 
| 


Doro 
~] ~~ 
co iw} 


ao co 

SAMA 
rel 

~I 

or 


= 
i 


Antimony 
Arsenic 


oO 


Fir, Douglas spruce . . 


im 
<> G0. > G0 Go 


He 


Bronze, 7.9 to 14% 
Chromium 


Orbs 


Copper, cast-rolled 
“ore, pyrites 


GOD : 
bo 2 2 oo NOt 
saoytors 


eat Tesh 


= 
oO 
w 
or 


or 


spiegel-eisen 
ferro-silicon 


Oo) OSS 
NA mo 
esl | = le 
w 0 Lwowwoon 


rs 
ree 
a3 


: 160-180 |) 
ay eg ee Sart 130-160 | “yellow, long-leaf 
“ limonite 6-4. : = ““~ short-leaf... . 


| Redwood, California 
Spruce, white, black 


COFCO Ome Ot 


Seoocsesss=esc=sersss Shad at. 
ROR BOND 


ore, galena 
Magnesium... 0... 060... 
Manganese 


Re Moisture Contents: 
Seasoned timber 15 to 20% 


Green timber up to 50%... 


ore, pyrolusite. . . 


Various Liquids 
monel metal. . . 


Platinum, cast-hammered.. | 21. fl K | Alcohol, 100% b 
Silver, cast-hammered. ....| 10.4-10. Acids, muriatic 40%... 
Tin, cast-hammered Sy nine) OLSo. 
“ babbit metal e sulphuric 87%.... 
Oi] ie a Lye, soda 
Oils, vegetable 
5-5. ‘* mineral, lubricants. . . 
Zine, cast-rolled 9-7. Petroleum 
‘ore, blende 


“ 


Various Solids 
Carbon,amorphous,graphitic} 1. : ce 
Cork eee tf . 1 125 
“sea water..........| 1.02-1.03 


Gases, Air = 1 


Air, 0°C, 760 mm.....:... 1.0 
0.5920 
Phosphorus, white ; 1.5291 
Porcelain, china : K Carbon monoxide.........| 0.9673 X 
Resins, Rosin, Amber Gas, illuminating 0.35-0.45 |. 
re ...| 0.47-0.48 |. 
0.0693 
2.05 0.9714 
0.95-0.98 O 1.1056 


The specific gravities of solids and liquids refer to water at 4°C., those of gases to air at 0°C. 
and 760 ram pressure. The weights per cubic foot are derived from average specific gravities, 
except where stated that weights are for bulk, heaped or loose material, etc. 


Sulphur, amorphous 
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PHYSICAL PROPERTIES OF SUBSTANCES 
| ana In Speeeeseemeeere eee 


SPECIFIC GRAVITIES AND WEIGHTS 


Aes la gt 
pecifiic ounds Specific 
Babstites Gravity | _per coe hai Gravity 
Cu. Ft. 
Minerals Ashlar Masonry 
2.1-2.8 153 _||Granite, syenite, gneiss..... 2.3-3.0 
4.50 281 | Limestone, marble......... 2.3-2.8 
2.7-3.2 184 ||Sandstone, bluestone....... 2.1-2.4 
aor 8 ape Mortar Rubble Masonry 
1.8-2.6 137 ||Granite, syenite, gneiss..... 2.2-2.8 
1.8-2.6 137  ||Limestone, marble.........; 2.2-2.6 
2.9 181 ||Sandstone, bluestone.......| 2.0-2.2 
Feldspar, orthoclase...... 2.5-2.6 159 Dry Rubble Masonry 
ee penne Bech ipa ee - Granite, syenite, gneiss..... 1.9-2.3 
7 BY CHILUE vein lois) 2 =~ 79. Limestone, marble......... 1.9-2.1 
Greenstone, trap......... 2.8-3.2 187 |iSandstone, bluestone 1.8-1.9 
Gypsum, alabaster........} 2.3-2.8 159 Oe RG mS ; 
Hornblendes-seec-n. -c 3.0 187 Brick Masonry 
Limestone, marble.. 2.5-2.8 165 ||Pressed brick............. 2.2-2.3 
Magnesite ss. i); ace dae 3.0 187 |\Common brick............ 1.8-2.0 
eacepuate rock, apatite... 3.2 200 |\Soft brick...... See nee 1.5-1.7 
OFBHVTY sect. 22a.2 ene 2.6-2.9 172 
Pumice, natural... ........ 0.37-0.90 40 C Concrete Masonry 
Quartz, flint............. 9.5-2.8 165 ement, stone, sand....... 2.2-2.4 
Sandstone, bluestone...... 2.2-2.5 147 « Slag, ete. ve] 19-28 
Shale, slate.............. 2.7-2.9 | 175 cinder, ete....... 15-17 
Soapstone, tale........... 2.6-2.8 169 ||Various Building Mat’l 
i ‘ Ashes, cinders. . 
Stone, Quarried, Piled Cement, portland, ‘Jose. . 
Basalt, granite, gneiss..... 96 Bet... ... 2.7-3.2 
Limestone, marble, quartz. 95 || Lime, gypsum, loose....... 
Sandstonése =. 0.0 .c0s fs 82 Mortar, Ebb nob Sanna ota 1.4-1.9 
Shalem RAMEE Shco.Bs ooo 92 |/Slags, bank slag........... 
Greenstone, hornblende. . . 107 es “' acreenings..... 
re, machine slag........ 
Bituminous Substances slagsand........... 
J NTE pe ange oh aadene 1.1-1.5 81 || Earth, etc., Excavated 
Coal, anthracite.......... 1.4-1.7 07 7 \Glay, dry. 5.0. -.. puters 
* bituminous.......... 1.2-1.5 84 “damp, plastic: .....0- 
Eammm lion Leney. eee or 1.1-1.4 78 + ||Clay and gravel, dry....... 
soeepent, burt, dry. as. 0.65-0.85 47 Earth, dry, loose........-. 
# charcoal, pines,.45<: 0.28-0.44 23 packed........ 
y Oakes. oc 0.47-0.57 33 “* moist, loose........ 
Ce COKE ne Se ateaicicashae.s 1.0-1.4 75 s Ue ” packed aie 
Grmphitee ees eed 1.9-2.3 131 “mud, flowing. ...... 
Paratline sys rete ieee hiree 0.87-0.91 56 o packed 7 c(i. 
Petroleum, crude......... 0.88 55 |/Riprap, limestone. ........ 
refined ....... 0.79-0.82 50 in Bendevons Becta 
g benzine. ..... 0.73-0.75 46 shaleiad ioscan 
e gasolene...... 0.66-0.69 42 ||Sand, gravel, dry, loose. . 
IPItCHe ere tere cot aerate of 1.07-1.15 69 = Fe i packed... 
Tar, bituminous.......... 1.20 75 Swett te 
i Excavations in Water 
Coal and Coke, Piled Sand or gravel a herslive!staizicaue 
Coal, anthracite.......... 47-58 ** and clay.... 
bituminous, lignite. . Q0=54) I Clayiee nea sete ceen 
Soe Neat, URE wee nas: 20-26 |/Rivermud............... 
SOO MCHAFCOAl Ase Menace. HOSA Soil Aa Cicmtecote tree tee mas 
bee MOOK CS rene ataiMels zs. Ac 23-32 \|Stone riprap............+5 


The specific gravities of solids and liquids refer to water at 4°C., those of gases to air at 0°C. 
and 760 mm pressure. The weights per cubic foot are derived from average specific gravities, 
except where stated that weights are for bulk, heaped or loose material, etc. 
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CARNEGIE STEEL COMPANY 


CONTENTS OF STORAGE WAREHOUSES 


Pounds : Pounds | Recommended 
per big per Live Loads, 
Cubie Foot Pach Square Foot! Pounds per 
vid of Floor Square Foot 


L 
| 
| 


Material 
of Space, 


Produce, Grain, Fruit, Etc. 


Grain, in bulk 
Barley and Corn 


Rye and Wheat 
Fruit and Vegetables, in bulk 
Apples, Pears, ete 
Potatoes, Turnips, ete 
Miscellaneous Produce, packed 


Cornmeal, in barrels. . 

Oats, in bags 

Rice, in bags 

Wheat, in bags 

Wheat Flour, in barrels 

Hay, in bales, not compressed...... . 
Hay, in bales, compressed 

Straw, in bales, compressed 


Woo IMO 200 Go OO ie oe sae 8) 


Groceries 


Miscellaneous Articles, packed 
Butter, Lard, etc., in barrels 
Canned Goods, Preserves, etc.,in cases’ 


Coffee, green, in bags 

Coffee, roasted, in bags 

Dates and Figs, in cases, average... . 
Meat, Beef, Pork, ete., in barrels. . . . 
Molasses, in barrels 

Salt, finely ground, in sacks.. 

Soap Powder, in cases. 

Starch, in barrels 

Sugar, i in barrels 

Tea, in chests 


250 to 300 


Cr Ors OO Cro orc1 WOM 


Dry Goods, Cotton, Wool, Etc. 


Cotton, in bales, compressed, average... . 
unbleached goods, in bales 
tickings and duck, in bales 
printed goods, in bales 
printed goods, in cases 
quilts and flannels, in cases. 
yarn, in cases 

Hemp, in bales, compressed. . 

“~~ Manila, in bales, compressed. . 
Sisal, in bales, compressed 
Tow, in bales, compressed 
Burlaps, i in bales, compressed... . 
Jute, in bales, compressed 
Linen, bleached goods, in cases 
“damask goods, in cases. 
Wool, in bales, not compressed... 
oe cin bales, compressed 

dress goods, flannels, in cases 

worsted goods, in cases 

Rags, in bales, compressed... 

Excelsior, in bales, compressed 


200 to 250 


“ 
“ 


WODOOMOMUNMBOOONDWDOMOMWOSD 


PHYSICAL PROPERTIES OF SUBSTANCES 
a ee eee 


CONTENTS OF STORAGE WAREHOUSES 


Pounds Height Pounds PSOne 
i per per ive Loads, 
Material Cubic Foot boa Square Foot} Pounds per 
of Space, of Floor Square Foot 
Drugs, Oils, Paints, Etc. 
Chemicals: 
Acids, Muriatic and Nitric, in carbors 45 13% 3) 
Sulphuric, in carboys ah 60 1% 100 
Ammonia, in carboys.............. 30 1% 50 
Alum, Pearl Alum, in barrels........ 33 if 231 
Bleaching Powder, in hogsheads... . 31 314 103 
Copper Sulphate,Blue Vitriol,inbbls. 45 5 225 
Soda, Caustic Soda, in iron drums. . . 88 314 294 
Soda, Soda Ash, in hogsheads....... 62 234 170 
Soda Crystals, Sal Soda, in barrels... 30 5 150 
Soda Nitrate, Niter, in barrels... ... 45 5 225 
Soda Silicate, in barrels............ 53 5 265 
Zine Sulphate, White Vitriol, in barrels 40 5 200 
Oils, Fats, Resins, ete.: 
Glycerine, WISCASER hicravtowee Gen ase ee 52 6 312 
Oils, Animal, Lard, etc., in barrels. . 34 6 204 200 to 250 
“Vegetable, Linseed, in barrels. . 36 6 216 2 
“Mineral, Lubricants, in barrels... 35 6 210 
“Petroleum, Kerosene, in barrels. 33 6 198 if 
“ Naphtha, Gasolene, in barrels. 28 6 168 
Rosin, Wi barrels. (5.0.05 62nts- <0. 48 6 288 
Shellac Gum; IM DOxeB ih. e ea dent 38 6 228 
Tallow, in barrels) seen See 37 6 222 
Dye Stuffs, Paints, etc.: 
Indigo, hae ee ae eae 43 6 208) 
Logwood Extract, in boxes.......... 70 414 815 
UAC MBN DOKES. elayoicic t/a sien vee teoks f 39 5 195 
Red Lead, Litharge, dry, in barrels. . 132 334 495 
White Lead, dry, in barrels......... 86 434 409 
White Lead, paste, in cans.......... 174 34% (609 
Building Materials 
Cement, Natural, in barrels............ 59 6 354 
Portland, in Ibarnelen nem vt | 73 6 438 300 to 400 
Lime, Quick Lime, ground, in barrels. . 50 5 250 
Plaster of Paris, ground, in barrels...... 53 5 265 
Sheet Metal and Wire F 
Sheet ate Ape Ee oe gs a, as 4 ae 
Wire, insulated copper, in coils. a 
‘galvanized iron, in coils.......... 74 4 333 300 to 400 
«magnet wire, on spools.......... 75 6 450 
Miscellaneous 
Chinaware, Glassware, in Crates... 62 a4: 40 8 320 
in casks...5..00.. 14 9 126 
Gilassian boxes ventas pics ote) hes asthe 60 6 360 
Hardware, door and sash checks, in cases 46 6 276 
s hinges, IM CASEH tertes: seaweed 64 6 384 
ve locks, in cases.............. ah : ae 
is screws, in boxes............ 
Hides, raw, not compressed, in bales. . . . 13 10 180 300 to 400 
“raw, compressed, in bales........ 23 10 230 
Leather. tin bales) 5, °. jeseerie sig emi = ae 16) 10 160 
Paper, calendered paper..........--.;- 50 6 300 
“newspaper, manila, strawboards. . 35 6 210 
PR WTMGLEE DADEL fssePla eis wines? 64 6 884 
Rope in Coils,....-.....- AP Staite aiestcg 42 6 


CARNEGIE STEEL COMPANY 


STRENGTH OF MATERIALS 


STRESSES PER SQUARE INCH 


Metals and Alloys 


Stresses in Thousands of Pounds 


| 


Compression, 
Ultimate 
Bending, 
Ultimate 
Shearing, 
Ultimate 


Modulus of 
Elasticity, 
Pounds 


Elongation, 
% 


Aluminum, cast 
i bars, sheets 
wire, hard 
2—7% Ni, Cu, Fe, etc.... 
Aluminum Bronze, 5% to 742% Al... 
y 4 10% Al... 


Copper, cast 
«plates, rods, bolts 
“wire, hard 


“a 


Brass, oe Boe: an. 


Jo 
gun metal, 9 Cu, 1Sn 


Manganese, cast ae So... 


rolled 
Phosphorus, cast Weep 

wire {1% 
Silicon, cast, 3% Si 

5% Si 


cold rolled 


p ae Zn 

bars 

wire 
German Silver, 25% 
Iron, see next page 
Geld, 


ef es 5 Au, 2Cu 
Lead, cast 
pipe, wire 
_ Tolled sheets 


Jn, 20% 0 Ni.. 


Silver, cast 
Steel, see next page 
Tin, cast 
“antimony, 10 Sn, 1 Sb 
Zine, cast 


“ 


wire, Seng aCe 


fy Zn... 

a nese 
16% /0 Pb. oo 
Delta Metal, east 155—60% Cu.... 


_ 
be 
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11,000,000 | 


10,000,000 


18,000,000 
15,000,000 


9,000,000 


14,000,000 
10,000,000 


10,000,000 


4,500,000 


8,000,000 


1,000,000 
1,000,000 
720,000 


4,000,000 


13,000,000 


PHYSICAL PROPERTIES OF SUBSTANCES 


STRENGTH OF MATERIALS 


STRESSES PER SQUARE INCH 


Stresses in Thousands of Pounds 


70 


Metal and Alloys 


Ultimate 
Compression, 
Ultimate 
Bending, 
Ultimate 
Shearing, 
Ultimate 
Modulus of 
Elasticity, 
Pounds 
Elongation, 
OF. 


Steel 

Shapes, Plates, Bars* 
bridges 55-65 |14 tens. i ile |84 tens.| 29,000,000 | 27.3-23.0 
buildingst7.<. 22260 ++.| 05-60 if u a i 29,000,000 | 25.4-21.5 
5 29,000,000 | 30.0-23.0 
29,000,000 | 27.3-23.0 
iy 29,000,000 | 25.9-22.1 

Boiler Plates* 
fe Shite DO. 2s see 4 .| tensile | tensile |* | 29,000,000 | 27.8-23.0 
“flange plates 5 a ee . 29,000,000 | 28.8-24.2 


.| tensile | tensile tens.| 29,000,000 | 33.3-27.3 

“ “ 29,000,000 | 32.6-26.8 

“ 29'000,000 | 30.4-25.0 

“ 29'000,000 | 31.3-25.9 

: pe. “ 29,000:000 | 27.3-23.0 
oncrete ars 


plain, structural pee tensile j | 29,000,000 | 25.4-20.0 
“intermediate. . F 3 ‘ 29,000,000 
So Shard’. 29,000,000 
deformed, struct’l Ee 29,000,000 
intermediate 29,000,000 

ue Ard ycneeter 29,000,000 
cold twisted i é 29,000,000 


.| 29,000,000 
29,000,000 
29,000,000 


Castings* 


Steel Alloys 
Nickel Steel,* 3.25% Ni. 
shapes, plates, bars ensi ensile |34 tens.| 29,000,000 
vi "4 e 29,000,000 
29,000,000 
29,000,000 
Copper Steel, ©. 50% Cu 29,000,000 


Steel Springs and Wire 
Springs, untempered 65-110 
Wire, unannealed 120 

a 80 

eS i 200 


28,000,000 
28,000,000 


Wire, unannealed 15,000,000 |.. 
“annealed 25,000,000 


12,000.000 


* See Specifications of the Society of Testing Materials. 
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CARNEGIE STEEL COMPANY 


STRENGTH OF MATERIALS 
STRESSES IN PoUNDS PER SQUARE INCH 


Ultimate Average Stresses | Modulus | Safe Working Stresses 
Building Materials ~ of 


Compress.| Tension |Bending| Elasticity Compress.| Bearing | Shearing 


Stone 
Granite, gneiss, bluestone.... 1,200 1,200 1,200 200 
Limestone, marble 8,000 800 I ( 800 800 150 
Sandstone 150 2 f 0 500 150 
3,000 5 ; 1,000 175 


Granite 
Limestone, bluestone 


Brick, medium burned 10,000 
“hard burned 15,000 
“pressed, paving brick. 6,000 

Terra Cotta. 5,000 


Cement, Portland 


Neat, 28 days. 7,040 
90 days 7,350 

1:3 sand, 28 days 1,290 
0 days 1,490 


Concrete, P. C. 


Granite, trap rock 3,300 
- |Furnace Slag 3,000 


= [BN 1 3,000,000 for ult. compression over 2,900. 
Lime and Sandstone, hard| 3,000 | Modulus | 2.500.000 for ul 
; |Lime and Sandstone, soft} 2,200 See Cone 2, et. 


of 000,000 for ult. com; 
oe a +s 4, pression up to 2,200. 
Cinders 800 | Elasticity 1? 750,000 for ult. compression under 800. 


Reinforced Concrete 


nies np rock Spe 
- |Furnace Slag 5 i 

Lime and Sandstone, hard) 2,500 : Safe Working Stresses ' 

; |Lime and Sandstone, soft 1,800 in Percent of Ultimate Compression 


Cinders 700 é ; Hoos! Course Piers, length 4 dia. 22.5% 

Granite, trap cock, «.| 2,200 ompression einforced Columns, : 12 ™* 23.5% 

Ht Furnace Slag. acer twa 2,000 Reinforced Beams, 

1 4 Lime and Sandstone, har 2,000 . : 
Vawtetand Gan isos: soft | 1,500 Bearing Surface twice the loaded area 


Cinders 600 


ee A Horizontal Bars,no web reintoneinent 2.0% 
. Shear an “vertical stirrups 
ee gee rock ee Diag.Tension | Bent Bars and vertical stirrups 

Lime and Sandstone, hard 1,600 Same, securely attached 
: |Lime and Sandstone, soft 1,200 


Cinders 500 Bond Stress } Plain reinforcing bars 
Granite, trap rock 1,400 Deformed Bars, best type 
2 Furnace Slag 1,300 
Lime and Sariaine hard| 1,300 
; |Lime and Sandstone, soft| 1,000 
Cinders 400 


For complete data see Transactions of the American 
Society of Civil Engineers, Vol. LX X XI-No. 1398, Dec. 1917 


Miscellaneous 


Glass, common 30,000 3,000 
Plaster 700 70 } 3,000 | 8,000,000 


For ultimate and working stresses of Structural Timber, see page 333. 
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PHYSICAL PROPERTIES OF SUBSTANCES 


EXPANSION OF BODIES BY HEAT 


The linear coefficient of expansion of a body is the rate at which 
the unit of length changes, under constant pressure, with an increase 
of unit or one degree of temperature; the square surface coefficient 
of expansion is, approximately, two times, and the cubical or 
volumetric coefficient three times the linear coefficient of expansion. 
A bar, if not fixed, undergoes a change in length=Iltn, where 1 
is the length of the bar in inches, t the number of degrees, n the 
corresponding linear coefficient; if fixed at both ends, the internal 
stress per unit of area—tnEH, pounds per square inch, where E is 
the modulus of elasticity, and the total temperature stress=AtnE, 
pounds, where A is the cross section of the bar in square inches. 


To find the increase of a bar due to an increase in temperature, 
from the table, multiply the length of the bar by the increase in 
degrees and by the coefficient for 100 degrees, and divide by 100. 


CoEFFICIENTS OF EXPANSION FOR 100 DrGrees=100n 


aa Linear Expansion ron Linear Expansion 
tance Fate Se arora ubstance (oe ere ae 
oe Centigrade} Fahrenheit Centigrade} Fahrenheit 
ee el ore yokes Soe ae 00063 00035 
; shlar masonry....... 4 A 
ye eee pe Una Ae oe Brick masonry........ .00055 00031 
“ ire ae Res “00193 00107 Cement, portland...... -00107 -00059 
Brouze ‘00181 00101 Concrete sicc.05.c000 .00143 00079 
r i “ Inasonry..... .00120 .00067 
Copper -00168 00093 ; 
German Silver 00183 “00102 GRAMItG ice cs aserrassesene 90084 .00047 
i aa ca tie “00150 00083 Pimestones aac eeneswer ~ 00080 .00044 
Tron, cast, gray. -.| 00106 “00059 eles CAEP Pc ret rre 00100 .00056 
“” wrought... ....1 ,00120 “00067 ALON, oe te nate «fe -00166 -00092 
“ wire 00124 00069 Rubble masonry....... -00063 -00035 
Teac es eee ‘00236 : “00159 Sandstone 50h. 5 ee os -00110 .00061 
ick elite aioe sees: 00126 00070 Blateana.achieceeasnie .00104 .00058 
Platinum. ....-% 02... : .00090 Hee Timber 
Platinum-Iridium, 15% r} .00081 : .000: 0002 
Giver. .sese | 00162 -| 00007 |. Stine! Seale pees 
Steel, cast............. .00110 | .00061 |} Qa,  /Paralleltofibers| “qoq49 | “oo097 
vs a eee cceesces oe oe Hee pl one 
MMCGIUM . oo ces ce . ‘ ir 0058 ¥ 
e soft miniedrats, 6) b]q) <¥apeieta .00110 -00061 Maple perpendicular 0048 0027 
eae eaosee Aes hes Hotel perrecoy Oak todiber....-: 054 | 0080 
1n¢, To: eee rerecoens 5 . Pine 0034 
Miscellaneous Solids Liquid Substances’ | Volumetric Expansion 
Cnet ee ee 00085 | .00047 || Alcohol.............. 104 058 
Graphite® ii 2.cts. 4s ais 00079 00044 Acid} nitric .\(3.aahtae\ 110 061 
Gutta-percha.......... -05980 03322 Sy SBUIPHUTIC. Eeraeeee .063 035 
(Parafiimin rorase eas sie .02785 01547 IMercuryinaiensvilaater( .018 .010 
Poreelaia oc 2 ect sae .00036 .00020 Oil, turpentine........ .090 .050 
EXPANSION oF WATER, MAxtmum Density=—1 
C2] Volume || C°| Volume || C°| Volume ||C°| Volume || C°| Volume || C°| Volume 
0 | 1.000126 || 10 | 1.000257 || 30 | 1.004234 || 50 | 1.011877 || 70 | 1.022384 || 90 | 1.035829 


4 | 1.000000 || 20 | 1.001782 || 40 | 1.007627 || 60 | 1.016954 || 80 | 1.029003 |\100 | 1.043116 
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CARNEGIE STEEL COMPANY 


EQUIVALENTS OF MEASURE 
LENGTHS 


1 meter, m=10 decimeters, dm= 100 centimeters, cm = 1000 millimeters, mm. 
1 meter, m=0.1 decameter, dkm= 0.01 hectometer, hm = 0.001 kilometer, km. 
1 meter, m=39.37 inches, U.S. Standard = 39.370113 inches, British Standard. 


1 millimeter, mm =1000 microns, p= 0.03937 inch = 39.37 mils. 


Miles, U.S. Kilo- 
~~ | meters, 
Statute | Nautical km, 


Meters, | Inches, Feet, Yard, Rods, | Chains, 
‘m Suis ft. yd. ne ch. 


0.85396] 0.001 

0.61371|0.62540 
0.81645] 0.63048 
0.04934] 0.09144 
0.32714] 0.65029 
0.01085] 0.02012 
0.86839] 1.60935 


1 39.37 |3.28083] 1.09361 0.19884 0.04971/ 0.36214 
0.02540] - 1 ~—‘| 0.08333] 0.02778 | 0.65051| 0.6 1263] 0.41578 
0.30480 12 1 0.33333 | 0.06061 | 0.01515] 0.81894 
0.91440 36 3 1 0.18182} 0.04545] 0.35682 
5.02921] 198 | 16.5 5.5 1 0.25 |0.63125 
20.1168] 792 66 22 4 1 0.01250 
1609.35] 63360 | 5280 1760 320 80 1 
1853.25] 72962.5 | 6080.20] 2026.73 | 368.497 | 92.1243} 1.15155 1 1.85325 

1000 39370 |3280.83] 1093.61 | 198.838 | 49.7096 | 0.62137 | 0.53959 BoP Syn! 
1 yard, U.S. =1.0000029 yards British 1 yard British = 0.9999971 yard U.S. 
1 chain, Gunter’s= 100 links 1 link = 7.92 inches. 

1 cable length, U.S.=120 fathoms = 960 spans = 720 feet = 219.457 meters. 

1 league, U.S.=3 statute miles = 24 furlongs. 

1 international geographical mile—=%5° at equator 7422 m 
==4.611808 U.S. statute miles. 

1 international nautical mile =o° at meridian —1852 m 
==0.999326 U. S. nautical miles. 

1 U.S. nautical mile=%o° of circumference of sphere whose surface equals 
that of the earth = 6080.27 feet= 1.15155 statute miles —1853.27 meters. 

1 British nautical mile = 6080.00 feet = 1.15152 statute miles = 1853.19 meters, 


SURFACES AND AREAS 


1 sq. meter, m2 —100 sq. decimeters, dm? = 10000 sq. centimeters, em2. 
1 sq. meter, m?=—0.01 are, a=0.0001 hectare, ha. 

1 sq. millimeter, mm? = 0,01 em? = 0.00155 sq. inch = 1973.5 circular mils. 
1 are, a= 1 sq. decameter, dkm = 0.0247104 acre. 


er ete Sq. Feet, |Sq. Yards, Sq. Rods,| Acres, | Hectares, Sten HE Kilo- 
m2 aq. in. aq. ft. sq. yd. | sq. r. A ha. | Statute et 


1 1550.00 | 10.7639 | 1.19599] 0.03954]0.32471| 0.0001 |0.83861) 0.51 
0.86452 1 0.96944 | 0.67716] 0.62551|0.$1594| 0.56452) 0.2249110.86452 
0.09290} 144 1 0.11111] 0.63673] 0.42296] 0.69290) 0.43587/0.59290 
0.83613] 1296 9 1 |0.03306/0.32066 0.58361 0.83228/0.88361 
25.2930| 39204 | 272.25 | 30.25 1 | 0.00625 | 0.8252910.29766]0.42529 
4046.87 | 6272640] 43560 | 4840 160 1 0.40469] 0.3 1563]0.34047 

10000 |15499969] 107639 | 11959.9|395.366|2.47104| 1  |0.23861| 0.01 
2589999 27878400] 3097600] 102400] 640 |259.000| 1 {2.59000 
1000000 10763867] 1195985] 39536.61247.104| 100 10.38610! 1 
1 sq. rod, sq. pole, or sq. perch= 625 sq. links =14¢0 acre. 


1 sq. chain, Gunter’s=16 sq. rods=¥o acre. 
1 acre=4 sq. roods = 160 sq. rods. Square of 1 acre = 208.7103 feet square. 


Notations 6, 6, 6, ete., indicate that the 3, 8, é, etc., are to be replaced by 
2, 3, 4, etc., ciphers. 
Exampire—1sq. rod 0.59766 = 0.000009766 sq. miles. 
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MEASURES AND WEIGHTS 


EQUIVALENTS OF MEASURE 
VOLUME AND Capacity 


1 cu. meter, m$ = 1000 cu. decimeter, dm = 1000000 cu. centimeters, cms, 

1 liter, 110 deciliters, dl=100 centiliters, cl=1000 milliliters, ml 
_ =1000 cu. centimeters, cm%. or cc. 

1 liter, 10.1 decaliter, dkl=0.01 hectoliter, hl=1 cu. decimeter, dm8. 


Cubic | Cubic | Cubic | Cubic DLS Duets U. 8. Gallons U.S. 
Decimeter,| Inches, Feet, Yards, Tae ae | Bushels, 
dm8, ] cu. in. cu. ft. cu. yd. Liquid, Dry, Liquid, Dry, bu. 


ligt. d. qt. 1. gal. d. gal. 


1 61.0234 | 0.03531 0.31308 1.05668 | 0.90808 | 0.26417 | 0.22702 | 0.02838 
0.01639] 1  |0.65787|0.62143]0.01732| 0.01488] 0.34329] 0.233720| 0.84650 
28.3170} 1728 1 0.03704 | 29.9221 | 25.7140] 7.48055 | 6.42851 | 0.80356 
764.559 | 46656 27 1 807.896 | 694.279| 201.974 | 173.570 | 21.6962 
0.94636] 57.75 |0.03342 0.31238 1 0.85937} 0.25 |0.21484] 0.02686 
1.10123 | 67.2006 | 0.03889 0.51440 1.16365 Al 0.29091} 0.25 {0.03125 
3.78543 231 0.13368 0.34951 4 3.43747 1 . |0.85937|0.10742 
4.40492 | 268.803 | 0.15556 0.65761 4.65460 4 1.16365 1 0.125 
35.2393 | 2150.42 | 1.24446 | 0.04609 | 37.2368 32 9.30920 8 1 
U. S. Dry Measure: 1 bushel = 4 pecks = 8 gallons = 32 quarts = 64 pints. 

U. 8. Liquid Measure: 1 gallon=4 quarts=8 pints=322 gills=128 fluid ounces. 
U.S. Apoth. Measure: 1 fl. ounce,f% =8 fl. drams, £3 =480 minims, m, 


= 29.574 cu. cm’. 

British Imperial gallon dry and liquid measure=1.03202 U.S. dry gal. 
= 1.20091 U. S. liquid gal. ‘ 

British Imperial gallon = 277.410 cu. in. = 4545.9631 cm38. 
Weight of water at maximum density, 4°C, 45° Lat., and sea level. 

1 cu. ft. = 62.4283 lbs. av. = 28.3170 kg —1 cu. in. = 0.57804 oz. av. = 16.3872 g. 

1 gal., U. S. liquid = 8.34545 Ibs. = 3.78543 ke. 

1 gal., British Imperial = 10.0221 lbs. = 4.5459631 kg. 


Masses AND WEIGHTS 


1 gram, g= 10 decigrams, dg = 100 centigrams, cg = 1000 milligrams, mg. 

1 gram, g=0.1 decagram, dkg=0.01 hectogram, hg =0.001 kilogram, kg. 

1 kilogram, kg =1 cu. decimeter of water or liter, 4°C, 45° Lat. and sea level 
= 15432.35639 grains, U. S. and British Standard. 


‘al Ounces Pounds Tons 

BOs Grains, 

ema gr. Troy, Avoir, Troy, Avoir, Eres spate Metric, 
& oz. t. oz. ay. Ib. t. Ib. av. | 9900 1bs. | 2240 Ibs, | 1000 ke- 


1 15432.4 |32.1507 | 35.2740|2.67923 | 2.20462 0.91102 0.99842 0.001 
0.46480 1 0.22083] 0.22286]0.81736] 0.81429] 0.07143] 0.06378]0.46480 


0.03110} 480 1 | 1.09714] 0.08333 | 0.06857 | 0.43429] 0.63061/0.63110 
0.02835] 437.5 |0.91146 1 |0.07595 | 0.06250] 0.63125] 0.62790] 0.62835. 
0.37324! 5760 12 |13.1657] 1  |0.82286/0.54114| 0.$3674|0.33732 
0.45359| 7000 |14.5833] 16 -|1.21528} 1  |0.00050|0.34464/0.$4536 
907.185 |14000000) 29166.7| 32000 |2430.56] 2000 1  |0.89286]0.90719 
1016.05 |/15680000] 32666.7| 35840 |2722.22| 2240 1.12 1 1.01605 


1000 |15432356] 32150.7,35274.0| 2679.23 | 2204.62 | 1.10231] 0.98421 1 


1 ounce avoir. 16 drams, avoir. 1 ounce troy = 20 pennyweight, dwt. 

1 ounce apoth., % =8 drams, 324 scruples, 5 = 480 grains, gr== 31.1035 g. 

1 hundredweight—1/20 long ton==4 quarters=8 stone 112 lbs. == 50.8024 kg. 
ee TS ee ae Se ee ee eee es 


Notations 2, 3, , ete., indicate that the 3, 6, 6, etc., are to be replaced by 
2, 3, 4, etc., ciphers. 
Exampre—l grain = 0.62083 = 0.002083 oz. t. 


1 grain=0.66480=0.00006480 kg, 
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CARNEGIE STEEL COMPANY 


EQUIVALENTS OF MEASURE 
Forces or WerIcHTts PER Units or LenetH, LiInrEAR WEIGHTS 


1 dyne per centimeter = 0.00101979 g/cm == 0,000183719 poundal/in. 
1 gram per centimeter = 980.5966 dynes/em = 0.180154 poundal/in, ; 
1 poandal per inch 5443.11 dynes/em = 5.55081 g/em = 0.0310832 pound/in. 


Grams 
per. 
Centi- 
meter 


Gross 
Tons, 
2240 lbs., 


Grains | Pounds | Pounds 


Pounds |Kilograms} Net Tons, 
per Inch, | per Inch, } per Foot, 


per Yard, |per Meter, 2000 lbs., 


gr./in. Ib./in. lb./ft. 


g/em 


1 
0.02551 
178.579 
14.8816 
4.96054 

10 
5.63698 
6.31342 

10 


0.65600] 0.06720 
0.8.1429|0.381714 
1 12 
0.08333 
0.02778 | 0.33333 
0.05600] 0.67197 
0.03157 |0.37879 
0.03535 | 0.42424 
0.05600] 0.67197 


39.1983 
1 
7000 
583.333 
194,444 
391.983 
220.960 
247.475 
391.983 


lb./yd. kg/m 


per Mile per Mile 


_ per 
Kilometer 


0.20159] 0.10 
0.35143] 0.32551 
36 | 17.8579 
3 |1.48816 
1 |0.49605 
2.01591] 1 
1.13636] 0.56370 
1.27273] 0.63134 
2.01591] 1 


| 1.77400 


0.17740| 0.15839 
0.04526) 0.04041 
31.6800) 28.2857 
2.64000 | 2.35714 
0.88000} 0.78571 
1.77400} 1.58393 

1 0.89286 

1.12 1 

1.58393 


0.10 
0.62551 
17.8579 
1.48816 
0.49605 
1 
0.56370 
0.63134 
1 


Forcrs oR WEIGHTS PER UNITS OF AREA, PRESSURE 


1 dynepersq. centimeter—0.00101979 g¢/em2 
1 gram persq. centimeter= 980.5966 dynes/cm? = 0.457592 


1 poundal persq.inch 


=0.000466646 poundals/in2. 
poundals/in?. ; 
=2142.95 dynes/em2 = 2.18536 g/em2? = 0.0310832 pound/in2, 


Kilograms| 
per Pounds 


Sq. Centi-| 


Net Tons, 
2000 Ibs. 


per 
Sq. Foot 


Pounds 


per per 
Sq. Inch, | Sq. Foot, 
Ib./in.2 | 1b./ft.2 


Atmos- 
pheres, 


Columns of Mercury, 
Hg. 13.59593 Sp. G. 


Columns 


Standard, 


760 mm siorand 


meters 


1 14.2234| 2048.17 
0.07031 i 144 
0.64882]0.36944| 1 
0.97648 |.13.8889| 2000 
1.03329] 14.6969 |2116.35 
0.31360] 0.01934 |2.78468 
0.03453 | 0.49119] 70.7310] 0.03537 
0.10 |1.42234]204.817]0.10241 
0.03048 | 0.43353 | 62.4283| 0.03121 


1.02408 
0.07200 
0.00050 
1 
1.05818 
1.01392 


0.96778 
0.06804 
0.84725 
0.94502 
i 
0.81316 
0.03342 
0.09678 
0.02950 


735.514 
51.7116 
0.35911 
718.216 
760 
1 
25.4001 
73.5514 
22.4185 


1ldyne per cu. centimeter=0.00101979 gram/cm3 
1 gram per cu. centimeter—980.5966 dynes/em’ 


28.9572 


Meters 


10 
0.70307 
0.64882 
9.76482 
10.3329 
0.01360 
0.34534 
1 


Inches 


2.03588 
0.01414 
28.2762 
29.9212 
0.03937 
1 
2.89572 


of Water, 


Max. Density 4° C 


Feet 


32.8083 
2.30665 
0.01602 
32.0367 
33.9006 
0.04461 
1.13299 
3.28083 


0.88262 | 0.30480] 1 
Forces ok WriaHts PER Units or VotumsE, DENSITY 


=0.00118528 poundals/in3, 
1.162283 poundals/in?. 


1 poundal per cu. inch 843.683 dynes/em8=—0.860378 g/cm’ —0.0310832 pound/in8, 


Pounds | Pounds 


. per per 
Cu. Inch, | Cu. Foot, 
Ib./in.8 | Ib./ft.8 


Pounds 


lb./yd.8 


per per 
Cu. Yard, /Cu. Meter, 


Pounds 


per 
Bushel, 
U.S. 


Kilograms 


kg/m 


Pounds 
per 
Gallon, 
Dry, 
U.S. 


per 


Pounds Kilograms 


per 
ectoliter, 
kg/hl 


0.03613 |62.4283 
27.6797| 1 1728 
0.01602]0.85787} 1 
0.05933] 0.62143]0.03704 
0.001 |0.63613|0.06243 
0.01287 | 0.84650] 0.80356 
0.10297] 0.03720] 6.42851 
0.11983] 0.64329|7.48052 
0.01 |0.83613}0.62428 


1685.56 
27 


1 
1.68556 


16.8557 


46656 |27679.7 


21.6962} 12.8718 
173.570} 102.974 
201.974] 119.826 


1000 |77.6893 
2150.42 
16.0184 | 1.24446 
0.59327 | 0.04609 

i 0.07769 

1 

8 
9.30920 
0.77689 


10 


9.71116| 8.34545 
268.803] 231 

0.15556 | 0.13368 
0.85762] 0.34951 


0.69711] 0.68345 


0.125 | 0.10742 

iq 0.85937 
1.16365 it 

0.09711 | 0.08345 


100 
2767.97 
1.60184 
0.05933 

0.10 
1.28718 | 
10.2974 
11.9826 

1 


Notations §, $, 6, etc., indicate that the 2, 8, $, etc., are to be replaced by 


_2, 3,4, etc. ciphers, 
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Exampiy—i kg/m3 = 0.43613 = 0.00003613 Ib./ins, 


MEASURES AND WEIGHTS 


EQUIVALENTS OF MEASURE 
Enerey, Work, Heat 


1 dyne-centimeter=1 erg=0.00101979 gram-centimeter=0.5737612 foot-pound. 
1 gram-centimeter— 980.5966 ergs—=0.$7233 foot-pound. 
1 foot-pound = 13557300 ergs=13825.5 gram-centimeters. 


270000 | 1952910] 0.98632 
360000 | 2603880} 1.31509 
367123 | 2655403] 1.34111 
0.10198] 0.73761 | 0.63725 
107.577 | 778.104 | 0.83930 
’ 426.900| 3087.77 | 0.61559 


hours, hours, 


107 ergs, 
kw-h j 


1-3 


Thermal Units 


B. T.U. | Calorie, 


b. t. u. kg-cal 


0.52724] 9.80597 


1.35972|1.01979| 1 
0.$3777| 0.62833] 0.62778] 1 

0.83984] 0.82988] 0.82930] 1054.90 
0.81581] 0.61186] 0.81163] 4186.17 


0.69296] 0.22342 


0.03766] 1.35573 | 0.21285] 0.83239 
0.74565 | 2684340) 2544.65| 641.240 
0.73545] 2647610|2509.83| 632.467 
1 | 0.98060] 3530147] 3346.44]343.289 
3600000] 3412.66] 859.975 


0.89480] 0.32389 
1 |0.25200 
3.96832] 1 


Pownr, Rate or Enerey anp Hat 


1 erg per sec.—1 dyne-cm/sec.=0.00101979 gram-cm/sec. = 0.0737612 foot-pounds/see. 


1 gram-centimeter per second = 980.5966 ergs/sec.=0.07238 foot-pounds/sec. 
1 foot-pound per second = 13557300 ergs/sec = 13825.5 gram-cm/sec. 


Kilogram- 
meters 
per 
Second, 
kg-m/s 


Foot- 
pounds 
per 
Second, 
ft.-lbs./s 


Horsepower 

Us. Metric, 
550 75 

ft.-Ibs./s | kg-m/s 


Watts, 


ilowatt. 
- ; 107er gs/8 


kw. 
Vass se IS, 


Thermal Units 
per Sec. 


B.T.U. | Calorie 


btu/s kg-cal/s 


1 

0.13826 
’76.0404 

: 75 

100 
101.979 
0.10198 
107.577 
426.900 


7.23300 
1 
550 
542.475 
723.300 
737.612 
0.73761 
778.104 
3087.77 


9.80597 
1.35573 
745.650 
735.448 


0.01315 | 0.01333 
0.81818] 0.61843 
1 |1.01387|0.76040 
0.98632} 1 0.75 |0.73545 
1.31509|1.33333| 1  |0.98060|980.597 
1.34111] 1.35972|1.01979| 1 1000 
0.81341] 0.51360/0.561020] 0.001 1 
1.41474 | 1.43436] 1.07577 |1.05490| 1054.90 
5.6141215.69200|4.26900| 4.18617 |4186.17 


0.01 


0. 0 9806 
0.61383 


0.01356 
0.74565 


0.09296 
0.31285 
0.70685 
0.69718 
0.92957 | 0.23425 
0.94796 | 0.23888 
0.9480] 0.82389 
1 |0.25200 
3.96832] 1 


0.62342 
0.83237 
0.17812 
0.17569 


VELOCITIES AND ACCELERATIONS 


1 kine=1 centimeter per second =0.0328083 foot per second. 
1radian per second=57.2958 degrees per sec.—0.159155 revolutions per sec. 
1 gravity =980.5966 centimeters per sec. per sec.=32.1717 feet per sec. per sec. 


Meters Feet é Kilo- Meter Feet Miles | Kilometer 
per per Miles Knots meters per per per per 
Second, | Second, | P& Hour, | per Hour,} Hour, sec/sec | sec/sec | hour/sec | hour/sec 
m/s ft./s U.S. km/h | m/s? ft./s2 | M/h-s | km/h-s 

if! 3.28083 | 2.23693 | 1.94254 3.6 
0.30480 it 0.68182 | 0.59209] 1.09728 
0.44704] 1.46667 1 0.86839} 1.60935 
0.51479] 1.68894 }1.15155 1 1.85325 
0.27778 | 0.91134 | 0.62137 | 0.53959 1 
1 3.28088 | 2.23693 3.6 
0.30480 1 0.68182 | 1.09728 
0.44704] 1.46667 1 1.60935 


0.27778 | 0.91134 | 0.62137 1 


Notations 3, 3, 8, etc., indicate that the 2,%, 6, etc., are to be replaced by 


2, 3, 4, etc., ciphers. 
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Exampie—1 Calorie=0.91163=0.001163 kilowatt-hours. 


CARNEGIE STEEL COMPANY 


METRIC CONVERSION TABLES 
INcHES TO CENTIMETERS—1 in.=2.540005 cm 


S/ 
iy 


Vera 


1 


. 


2 3 


4 5 


ee iar 


8 9 


& 


2.540 
27.940 
53.340 
78.740 

104.140 
129.540 
154.940 
180.340 
205.740 
231.140 


25.400 
50.800 
76.200 

101.600 

127.000 

152.400 

177.800 

203.200 

228.600 


7.620 
33.020 
58.420 
83.820 

109.220 
134.620 
160.020 
185.420 
210.820 
236.220 


5.080 
30.480 
55.880 
81.280 

106.680 
132.080 
157.480 
182.880 
208.280 
233.680 


10.160| 
35.560 
60.960 
86.360 
| 111.760 
137.160 
162.560 
187.960 
213.360 
238,760 


38.100 
63.500 
88.900 
114.300 
139.700 
165.100 
190.500 
215.900 
241.300 


12.700) 


15.240} 17.780| 


40.640) 43.180 
66.040} 68.580 
91.440} 93.980 
116.840 119.380 | 
142.240 | 144.780 | 
167.640 | 170.180 
193.040 | 195.580 


218.440 | 220.980 
243.840 | 246.380 | 


| 22.860 
48.260 
73.660 
99,060 

124.460 

149.860 

175.260 

200.660 

226.060 

251.460 


20.320 
45.720 
71.120 
96.520 
121.920 
147.320 
172.720 
198.120 
223.520 
248.920 


INcHES? TO CENTIME 


TERS?—1 in. 


2—6.451625 ¢ 


m? 


3 


gS 
ie 


0 1 


2 3 


4 5 


6 7 


8 9 


Ko 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


6.452 
70.968 
135.484 
200.000 
264.517 
329.033 
393.549 
451.614 | 458.065 
516.130 | 522.582 
580.646 | 587.098 


64.516 
129.033 
193.549 
258.065 
322.581 
387.098 


12.903 

77.420 
141.936 
206.452 
270.968 
335.485 | 341.936 
400.001 | 406.452 
464.517 | 470.969 
529.033 | 535.485 
593.550 | 600.001 


19.355 
83.871 
148.387 
212.904 
277.420 


32.258 

96.774 
161.291 
225.807 
290.323 
354.839 
419.356 
483.872 
548.388 
612.904 


25.807 

90.323 
154.839 
219.355 
283.872 
348.388 
412.904 
| 477.420 
541.937 | 
606.453 


45.161 
109.678 
174.194 
238.710 
303.226 
367.743 
432.259 
496.775 
561.291 
625.808 


38.710 
103.226 
167.742 
232.259 
296.775 
361.291 
425.807 
490.324 
554.840 
619.356 


51.613 
116.129 
180.646 | 
245.162 
309.678 
374.194 


58.065 
122.581 
187.097 
251.613 
316.130 
380.646 
438.711 | 445.162 
503.227 | 509.678 
567.743 | 574.195 
632.259 | 638.711 


IncHEs? To CENTIME 


TERSS—1 in. 


8—=16.38716 cm’ 


yi 


@ 
ey, 
(xx 


0 1 


2 3 


4 5 


6 7 


8 


CONODaAhRWNHO 


16.39 
180.26 
344.13 
508.00 
671.87 
835.75 
999.62 

1163.49 
1327.36 
1491.23 


163.87 
327.74 
491.61 
655.49 
819.36 
983.23 
1147.10 
1310.97 
1474.84 


49.16 
213.03 
376.90 
540.78 
704.65 
868.52 

1032.39 
1196.26 
1360.13 
1524.01 


32.77 
196.65 
360,52 
524.39 
688.26 
852.13 

1016.00 
1179.88 
1343.75 
1507.62 


65.55 
229.42 
393.29 
557.16 
721.04 
884.91 

1048.78 
1212.65 
1376.52 
1540.39 


81.94 
245.81 
409.68 
573.55 
737.42 
901.29 

1065.17 
1229.04 
1392.91 
1556.78 


98.32 
262.19 
426.07 
589.94 
753.81 
917.68 

1081.55 
1245.42 
1409.30 
| 1573.17 


114.71 
278.58 
442.45 
606.32 
770.20 
934.07 
1097.94 
1261.81 
1425.68 
1589.55 


131.10 
294.97 
458.84 
622.71 
786.58 
950.46 
1114.33 
1278.20 
1442.07 
1605.94 


IncHuEs*t To Cr 


NTIME 


TERS4—1 in 


A=41.62347 ¢ 


m* 


1 


2 3 


4 5 


6 


7 


8 


41.62 
457.86 
874.09 

1290.33 
1706.56 
2122.80 
2539.03 
2955.27 
3371.50 


3787.74 


83.25 
499.48 
915.72 

1331.95 
1748.19 
2164.42 
2580.66 
2996.89 
3413.12 
3829.36 


124.87 

541.11 

957.34 
1373.57 
1789.81 
2206.04 
2622.28 
3038.51 
3454.75 
3870.98 


166.49 | 

582.73 

998.96 
1415.20 
1831.43 
2247.67 
2663.90, 
3080.14 
3496.37 
3912.61 


208.12 

624.35 
1040.59 
1456.82 
1873.06 
2289.29 
2705.53 
3121.76 
3537.99 
3954.23 


356 


249.74 

665.98 
1082.21 
1498.44 
1914.68 
2330.91 
2747.15 
3163.38 
3579.62 
3995.85 


291.36 

707.60 
1123.83 
1540.07 
1956.30 
2372.54 
2788.77 
3205.01 
3621.24 
4037.48 


332.99 

749.22 
1165.46 
1581.69 
1997.93 
2414.16 
2830.40 
3246.63 
3662.87 
4079.10 


374.61 

790.85 
1207.08 
1623.32 
2039.55 
2455.78 
2872.02 
3288.25 
3704.49 
4120.72 


MEASURES AND WEIGHTS 


METRIC CONVERSION TABLES 
CENTIMETERS TO INcHES—I cm—0.3937 in. 


1 


9 
“ 


ay] ae 1% 


| 


. 


8 


9 


CONooaRwnwre co 


| 23.6220 


3.9370 
7.8740 
11.8110 
15.7480 
19.6850 


27.5590 
31.4960 
35.4330 


0.3937 

4.3307 

8.2677 
12.2047 
16.1417 
20.0787 
24.0157 
27.9527 
31.8897 
35.8267 


0.7874 

4.7244 

8.6614 
12.5984 
16.5354 
20.4724 
24.4094 
28.3464 
32.2834 
36.2204 


1.1811 

5.1181 

9.0551 
12.9921 
16.9291 
20.8661 
24.8031 
28.7401 
32.6771 
36.6141 


1.5748 

5.5118 

9.4488 
13.3858 
17.3228 
21.2598 
25.1968 
29.1338 
33.0708 
37.0078 


1.9685 
5.9055 
9.8425 
13.7795 
17.7165 


2.3622 
6.2992 
10.2362 
14.1732 
18.1102 


21.6535 | 22.0472 
25.5905 | 25.9842 
29.5275 | 29.9212 
33.4645 | 33.8582 
37.4015 | 37.7952 


2.7559 

6.6929 
10.6299 
14.5669 
18.5039 
22.4409 
26.3779 
30.3149 
34.2519 
38.1889 


3.1496 

7.0866 
11.0236 
14.9606 
18.8976 
22.8346 
26.7716 
30.7086 
34.6456 
38.5826 


3.5433 

7.4803 
11.4173 
15.3543 
19.2913 
23.2283 
27.1653 
31.1023 
35.0393 
38.9763 


CEN 


TIMETERS? TO INCHES?—1 cm? 


=0.15499969 in.?. 


ay 
oy. 


SY 


x 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


1.5500 
3.1000 
4.6500 
6.2000 
7.7500 
9.3000 
10.8500 
12.4000 
13.9500 


0.1550 
1.7050 
3.2550 
4.8050 
6.3550 
7.9050 
9.4550 
11.0050 
12.5550 
14.1050 


0.3100 
1.8600 
3.4100 
4.9600 
6.5100 
8.0600 
9.6100 
11.1600 
12.7100 
14.2600 


0.4650 
2.0150 
3.5650 
5.1150 
6.6650 
8.2150 
9.7650 
11.3150 
12.8650 


14.4150 


0.6200 
2.1700 
3.7200 
5.2700 
6.8200 
8.3700 
9.9200 
11.4700 
13.0200 
14.5700 


0.7750 
2.3250 
3.8750 
5.4250 
6.9750 
8.5250 
10.0750 
11.6250 
13.1750 
| 14.7250 


0.9300 
2.4800 
4.0300 
5.5800 
7.1300 
8.6800 
10.2300 
11.7800 
13.3300 


14.8800 


1.0850 
2.6350 
4.1850 
5.7350" 
7.2850 
*8.8350 
10.3850 
11.9350 
13.4850 
15.0350 


1.2400 
2.7900 
4.3400 
5.8900 
7.4400 
8.9900 
10.5400 
12.0900 
13.6400 
15.1900 


1.3950 
2.9450 
4.4950 
6.0450 
7.5950 
9.1450 
10.6950 
12,2450 
13.7950 
15.3450 


CENTIMETERS? TO INcHES’—] cm?=0.06 


102341 


n.3, 


0 


1 


2 


3 


4 


& 


6 


7 


8 


9 


CTOIMWMMPWHHO 


0.61023 
1.22047 
1.83070 
2.44094 
3.05117 
3.66140 
4.27164 
4.88187 
5.49211 


0.06102 
0.67126 
1.28149 
1.89173 
2.50196 
3.11219 
3.72243 
4.33266 
4.94290 
5.55313 


0.12205 
0.73228 
1.34251 
1.95275 
2.56298 
3.17322 
3.78345 
4.39368 
5.00392 
5.61415 


0.18307 
0.79330 
1.40354 
2.01377 
2.62401 
3.23424 
3.84447 
4.45471 
5.06494 


5.67518 


0.24409 
0.85433 
1.46456 
2.07480 
2.68503 
3.29526 
3.90550 
4.51573 


‘5.12597 4 5.18699 


5.73620 


0.30512 
0.91535 
1.52559 
2.13582 
2.74605 
3.35629 
3.96652 
4.57675 


5.79722 


0.36614 
0.97637 
1.58661 
2.19684 
2.80708 
3.41731 
4.02754 
4.63778 
5.24801 


5.85825 


0.42716 
1.03740 
1.64763 
2.25787 
2.86810 
3.47833 
4.08857 
4.69880 
5.30904 
5.91927 


0.48819 
1.09842 
1.70866 
2.31889 
2.92912 
3.53936 
4.14959 
4.75983 
5.37006 
5.98029 


0.54921 
1.15944 
1.76968 
2.37991 
2.99015 
3.60038 
4.21061 
4.82085 
5.43108 
6.04132 


CENTIMETERS* 


To IncHES4—] cm4=0.0240249 i 


nya 


i 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


CONDAPRWHOH OS 


0.24025 
0.48050 
0.72075 
0.96100 
1.20125 
1.44149 
1.68174 
1.92199 


0.02402 
0.26427 
0.50452 
0.74477 
0.98502 
1.22527 
1.46552 
1.70577 
1.94602 


2.16224 


2.18627 


0.04805 
0.28830 
0.52855 
0.76880 
1.00905 
1.24930 
1.48954 
1.72979 
1.97004 
2.21029 


0.07207 
0.31232 
0.55257 
0.79282 
1.03307 
1.27332 
1.51357 
1.75382 


1.99407 
2.23432 


0.09610 
0.33635 
0.57660 
0.81685 
1.05710 
1.29734 
1.53759 
1.77784 
2.01809 
2.25834 


357 


0.36037 


1.08112 
1.32137 
1.56162 
1.80187 


2.28237 


0.12012 | 0.14415 


0.60062 | 0.62465 
0.84087 | 0.86490 


2.04212 | 2.06614 


0.38440 


1.10515 
1.34539 
1.58564 
1.82589 


2.30639 


0.16817 
0.40842 
0.64867 
0.88892 
1.12917 
1.36942 
1.60967 
1.84992 
2.09017 
2.33042 


0.19220 
0.43245 
0.67270 
0.91295 
1.15320 
1.39344 
1.63369 
1.87394 
2.11419 
2.35444 


0.21622 
0.45647 
0.69672 
0.93697 
1.17722 
1.41747 
1.65772 
1.89797 
2.13822 
2.37847 . 


METRIC CONVERSION TABLES 


CARNEGIE STEEL COMPANY 


Fret to Mrtrers—1 ft.=0.3048006 m 


0 


3.0480 
6.0960 
9.1440 
12.1920 
15.2400 
18.2880 
21.3360 
24.3840 
27.4321 


SCAND RWNH SO 


1 


2 


3 


4 


5 


6 Y{ 


0.3048 
3.3528 
6.4008 
9.4488 
12.4968 
15.5448 
18.5928 
21.6408 
24.6888 
27.7369 


0.6096 
3.6576 
6.7056 
9.7536 
12.8016 
15.8496 
18.8976 
21.9456 
24.9936 


28.0417 


0.9144 

3.9624 

7.0104 
10.0584 
13,1064 
16.1544 
19.2024 
22.2504 
25.2984 
28,3465 


1.2192 
4.2672 
7.3152 
10.3632 
13.4112 
16.4592 
19.5072 
22.5552 
25.6033 


28.6513 | 


1.5240 

4.5720 

7.6200 
10.6680 
13.7160 
16.7640 
19.8120 
22.8600 
25.9081 
28.9561 


1.8288] 2.1336] 2.4384 
4.8768| 5.1816] 5.4864 
7.9248] 8.2296] 8.5344 
10.9728 | 11.2776 | 11.5824 
14.0208 | 14.3256 | 14.6304 
17.0688 | 17.3736 | 17.6784 
20.1168 | 20.4216 | 20.7264 
23.1648 | 23.4696 | 23.7744 
26.2129 | 26.5177 | 26.8225 
29.2609 | 29.5657 | 29.8705 


9 


2.7432 

5.7912 

8.8392 
11.8872 
14.9352 
17.9832 
21.0312 
24.0792 
27.1273 
30.1753 


Pounps PER Foor To KiLoGRAMs PER METER—1 lb./ft.—=1.488161 kg/m 


| 


1 


2 


3 


s | s 


6 


7 


8 


9 


14.882 
29.763 
44.645 
59.526 
74.408 
89.290 
104.171 
119.053 
133.934 


CONOR WNeH CO 


1.488 
16.370 
31.251 
46.133 
61.015 
75.89p 
90.778 

105.659 
120.541 
135.423 


2.976 
17.858 
32.740 
47.621 
62.503 
77.384 
92.266 

107.148 
122.029 
136.911 


4.464 
19.346 
34.228 
49.109 
63.991 
78.873 
93.754 

108.636 
123.517 
138.399 


5.953 
20.834 
35.716 
50.597 
65.479 
80.361 
95.242 


7.441 
22.322 
37.204 
52.086 
66.967 
81.849 
96.730 


8.929 
23.811 
38.692 
53.574 
68.455 
83.337 
98.219 


10.417 
25.299 
40.180 
55.062 
69.944 
84.825 


11.905 
26.787 
41.669 
56.550 
71.432 
86.313 


99.707 | 101.195 


110.124] 111.612} 113.100) 114.588 | 116.077 
125.006] 126.494] 127.982] 129.470 | 130.958 


139.887 


141.375 


142.863 | 144.352 | 145.840 


13.393 
28.275 
43.157 
58.038 
72.920 
87.802 
102.683 
117.565 
132.446 
147.328 


PounpDs PER Sq. INcH To Ka. PER Sa. Cmu.—1 Ib. /in.2=0.0703067 kg/cm? 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


0.70307 
1.40613 
2.10920 
2.81227 
3.51534 
4.21840 
4.92147 
5.62454 
6.32760 


0.07031 
0.77337 


0.14061 
0.84368 


1.47644] 1.54675 


2.17951 
2.88257 


2.24981 
2.95288 


3.58564 | 3.65595 


4.28871 


6.39791 


4.35902 | 4.42932 
4.99178 | 5.06208 | 5.13239 
5.69484 | 5.76515 | 5.83546 


6.46822 


0.21092 
0.91399 
1.61705 
2.32012 
3.02319 
3.72626 


6.53852 


0.28123 
0.98429 


1.68736 


2.39043 
3.09349 
3.79656 | 3.86687 
4.49963 
5.20270] 5.27300 
5.90576] 5.97607 
6.60883 


0.35153 
1.05460 
1.75767 
2.46073 
3.16380 


4.56994 


6.67914 


0.42184 | 0.49215 
1.12491 | 1.19521 
1.82797 | 1.89828 
2.53104 | 2.60135 
3.23411 | 3.30441 
3.93718 | 4.00748 
4.64024 | 4.71055 
5.34331 | 5.41362 
6.04638 | 6.11668 
6.74944 | 6.81975 


0.56245 
1.26552 
1.96859 
2.67165 
3.37472 
4.07779 
4.78086 
5.48392 
6.18699 
6.89006 


0.63276 
1.33583 
2.03889 
2.74196 
3.44503 
4.14810 
4.85116 
5.55423 
6.25730 
6.96036 


Incu-Pounps To KinoGramM-CEenTIMETERS—1 in-lb.=1.152127 kg-cm 


Bi, 


vp 


eas 0 


1 


zis 


4 


5 


6 


7 


8 


9 


11.521 
23.043 
34.564 
46.085 
57.606 
69.128 
80.649 
92.170 


0 
1 
2 
3 
4 
& 
6 
tf 
8 
9 103.691 


1.152 
12.673 
24.195 
35.716 
47.237 
58.758 
70.280 
81.801 
93.322 

104.844 


2.304 
13.826 
25.347 
36.868 
48.389 
59.911 
71.432 
82.953 
94.474 

105.996 


3.456 
14.978 
26.499 
38.020 
49.541 
61.063 
72.584 
84.105 
95.627 
107.148 


4.609 
16.130 
27.651 
39.172 
50.694 
62.215 
73.736 
85.257 
96.779 

108.300 


358 


5.761 
17.282 
28.803 
40.324 
51.846 
63.367 
74.888 
86.410 
97.931 

109.452 


6.913 
18.434 
29.955 
41.477 
52.998 
64.519 
76.040 
87.562 
99.083 

110.604 


8.065 
19.586 
31.107 
42.629 
54.150 
65.671 
77.193 
88.714 

100.235 
111.756 


9.217 
20.738 
32.260 
43.781 
55.302 
66.823 
78.345 
89.866 

101.387 
112.908 


10.369 
21.890 
33.412 
44.933 
56.454 
67.975 
79.497 
91.018 
102.539 
114.061 


~ 


MEASURES AND WEIGHTS 


METRIC CONVERSION TABLES 
Meters To Fret—|l m=3.2808333 ft. 


1 2 3 4 5 6 7 8 9 


3.281| 6.562} 9.843) 13.123} 16.404] 19.685] 22.966] 26.247| 29.528 
32.808} 36.089) 39.370) 42.651) 45.932] 49.213] 52.493] 55.774] 59.055) 62.336 
65.617) 68.898] 72.178] 75.459] 78.740] 82.021] 85.302) 88.583] 91.863] 95.144 
98.425 | 101.706 | 104.987 | 108.268) 111.548) 114.829] 118.110] 121.391 | 124.672 | 127.953 
131.233 | 134.514 | 137.795 | 141.076 | 144.357 | 147.638 | 150.918 | 154.199 | 157.480 | 160.761 
164.042 | 167.323 | 170.603 | 173.884) 177.165 | 180.446] 183.727] 187.008] 190.288 | 193.569 
196.850 | 200.131 | 203.412 | 206.693 | 209.973 | 213.254 | 216.535 | 219.816 | 223.097 | 226.378 
229.658 | 232.939 | 236.220 | 239.501 | 242.782 | 246.063 | 249.343 | 252.624 | 255.905 | 259.186 
262.467 | 265.748 | 269.028 | 272.309 | 275.590 | 278.871 | 282.152 | 285.433 | 288.713 | 291.994 
295.275 | 298.556 | 301.837 | 305.118 | 308.398 | 311.679 | 314.960 | 318.241 | 321.522 | 324.803 


OCONAnFrwWwWNrH OO 


Kitocrams Per Meter To Pounps Pur Foot—l kg /m=0.67197 lb./ft. 


Sy 


x 


0 1 Z 3 4 5 6 7 8 9 


£ 
/ 
S 


0.6720} 1.3489] 2.0159] 2.6879] 3.3599} 4.0318] 4.7038] 5.3758) 6.0477 
6.7197 | 7.3917| 8.0636} 8.7356; 9.4076) 10.0796 | 10.7515 | 11.4235 | 12.0955 | 12.7674 
13.4394 | 14.1114 | 14.7833 | 15.4553 | 16.1273 | 16.7993 | 17.4712 | 18.1432 | 18.8152 | 19.4871 
20.1591 | 20.8311 | 21.5030 | 22.1750 | 22.8470} 23.5190 | 24.1909 | 24.8629¥25.5349 | 26.2068 
26.8788 | 27.5508 | 28.2227 | 28.8947 | 29.5667 | 30.2387 | 30.9106 | 31.5826 | 32.2546 | 32.9265 
33.5985 | 34.2705 | 34.9424 | 35.6144 | 36.2864 | 36.9584 | 37.6303 | 38.3022 | 38.9743 | 39.6462 
40.3182 | 40.9902 | 41.6621 | 42.3341 | 43.0061 | 43.6781 | 44.3500 | 45.0220 | 45.6940 | 46.3659 
47.0379 | 47.7099 | 48.3818 | 49.0538 | 49.7258 | 50.3978 | 51.0697 | 51.7417 | 52.4137 | 53.0856 
53.7576 | 54.4296 | 55.1015 | 55.7735 | 56.4455 | 57.1175 | 57.7894 | 58.4614 | 59.1334 | 59.8053 
60.4773 | 61.1493 | 61.8212 | 62.4932 | 63.1652 | 63.8372 | 64.5091 | 65.1811 | 65.8531 | 66.5250 


"3 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Ca. To Pounps PER 8Q. INcH—1 kg/cm?=14.2234 Ibs. /in.? 


w/| 


OONIMSTPRWNHrHO & 


1 2 3 4 5 6 7 8 9 


14.22} 28.45) 42.67) 56.89) 71.12) 85.34) 99.56) 113.79] 128.01 
142.23] 156.46) 170.68) 184.90) 199.13} 213.35) 227.57) 241.80] 256.02} 270.24 
284.47| 298.69} 312.91} 327.14] 341.36] 355.59] 369.81] 384.03} 398.26) 412.48 
426.70} 440.93] 455.15] 469.37| 483.60) 497.82] 512.04} 526.27) 540.49; 554.71 
568.94} 583.16} 597.38] 611.61] 625.83) 640.05; 654.28] 668.50} 682.72) 696.95 
711.17} 725.39] 739.62} 753.84| 768.06] 782.29} 796.51] 810.73} 824.96) 839.18 
853.40} 867.63} 881.85} 896.07] 910.30} 924.52) 938.74] 952.97) 967.19] 981.41 
995.64 | 1009.86 | 1024.08 | 1038.31 | 1052.53 | 1066.76 | 1080.98 | 1095.20 | 1109.43 | 1123.65 
1137.87 | 1152.10 | 1166.32 | 1180.54 | 1194.77 | 1208.99 | 1223.21 | 1237.44 | 1251.66 | 1265.88 
1280.11 | 1294.33 | 1308.55 | 1322.78 | 1337.00 | 1351.22 | 1365.45 | 1379.67 | 1393.89 | 1408.12 


IX1LoGRAM-CENTIMETERS TO INcH-PouNDS—! kg/cm=0.86796 in. /Ib. 


Sere 
eg is 0 1 2 3 4 5 6 7 8 9 


0.8680] 1.7359) 2.6039] 3.4718| 4.3398) 5.2078) 6.0757| 6.9437) 7.8116 
8.6796 | 9.5476 | 10.4155 | 11.2835 | 12.1514 | 13.0194 | 13.8874) 14.7553 | 15.6253 | 16.4912 
17.3592 | 18.2272 | 19.0951 | 19.9631 | 20.8310 | 21.6990 | 22.5670 | 23.4349 | 24.3029 | 25.1708 
26.0388 | 26.9068 | 27.7747 | 28.6427 | 29.5106 | 30.3786 | 31.2466 | 32.1145 | 82.9825 | 33.8504 
34.7184 | 35.5864 | 36.4543 | 37.3223 | 38.1902 | 39.0582 | 39.9262 | 40.7941 | 41.6621 | 42.5300 
43.3980 | 44.2660 | 45.1339 | 46.0019 | 46.8698 | 47.7378 | 48.6058 | 49.4737 | 50.3417 | 51.2096 
52.0776 | 52.9456 | 53.8135 | 54.6815 | 55.5494 | 56.4174 | 57.2854! 58.1533 | 59.0213 | 59.8892 
60.7572 | 61.6252 | 62.4931 | 63.3611 | 64.2290 | 65.0970 | 65.9650 | 66.8329 | 67.7009 | 68.5688 
69.4368 | 70.3048 | 71.1727 | 72.0407 | 72.9086 | 73.7766 | 74.6446 | 75.5125 | 76.3805 | 77.2484 
78.1164 | 78.9844 | 79.8523 | 80.7208 | 81.5882 | 82.4562 | 83.3242 | 84.1921 | 85.0601 | 85.9280 
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METRIC CONVERSION TABLE 


IncHES TO MILLIMETERS 


39.37 inches, U. 8S. Standard=1 meter=100 centimeters=1000 millimeters. 


Inches 6) We \% *46 Te Vie 3% Tie 
0 0.00 1.59 3.18 4.76 6.35! 7.94 9.53 11.11 
i, 25.40 26.99 28.58 30.16 31.75 33.34 34.93 36.51 
2 50.80 52.39 53.98 55.56 57.15 58.74 60.33 61.91 
3 76.20 vera) 79.38 80.96 82.55 84.14 85.73 87.31 
4 101.60} 103.19] 104.78| 106.36} 107.95] 109.54] 111.13] 112.71 
5 127.00} 128.59] 130.18] 131.76] 133.35] 134.94] 136.53] 138.11 
6 152.40] 153.99] 155.58] 157.16) 158.75} 160.34| 161.93) 163.51 
7 177.80| 179.39] 180.98} 182.56] 184.15] 185.74] 187.33] 188.91 
8 203.20| 204.79] 206.38} 207.96; 209.55) 211.14)! 212.73) 214.31 
9 228.60| 230.19) 231.78] 233.36| 234.95) 236.54] 238.13) 239.71 


10 254.00] 255.59| 257.18] 258.76) 260.35] 261.94| 263.53| 265.11 


11 279.40| 280.99] 282.58] 284.16] 285.75| 287.34| 288.93) 290.51 
12 304.80} 306.39] 307.98} 309.56} 311.15|) 312.74| 314.33) 315.91 
13 330.20] 331.79} 333.38] 334.96| 336.55) 338.14| 339.73] 341.31 
14 355.60] 357.19] 358.78] 360.36) 361.95] 363.54) 365.13] 366.71 
15 381.00| 382.59] 384.18] 385.76| 387.35] 388.94) 390.53) 392.1] 


16 406.40| 407.99} 409.58) 411.16| 412.75) 414.34] 415.93| 417.51 
1 431.80| 433.39] 434.98] 436.56; 438.15| 439.74] 441.33) 442.91 
18 457.20| 458.79} 460.38| 461.96| 463.55! 465.14| 466.73| 468.31 
19 482.60} 484.19| 485.78; 487.36] 488.95) 490.54| 492.13| 493.71 
20 508.00} 509.59] 511.18] .512.76| 514.35) 515.94! 517.53] 519.11 


21 533.40] 534.99] 536.58} 538.16! 539.75] 541.384] 542.93] 544,51 
22 558.80] 560.39) 561.98) 563.56} 565.15] 566.74| 568.33) 569.91 
23 584.20] 585.79} 587.38] 588.96} 590.55| 592.14] 593.73] 595.31 
24 609.60] 611.19] 612.78} 614.36] 615.95] 617.54| 619.13} 620.71 
25 635.00} 636.59] 638.18| 639.76| 641.35) 642.94] 644.53| 646.11 


. 26 660.40] 661.99} 663.58} 665.16] 666.75| 668.34| 669.93| 671.51 
27 685.80] 687.39] 688.98} 690.56| 692.15| 693.74) 695.33) 696.91 
28 711.20] 712.79} 714.38] 715.96) 717.55| 719.14] 720.73) 722.31 
29 736.60] 738.19} 739.78) 741.36) 742.95| 744.54| 746.13] 747.71 
30 762.00| 763.59} 765.18) 766.76) 768.35| 769.94) 771.53) 773.11 


31 787.40| 788.99] 790.58| 792.16| 793.75) 795.34| 796.93| 798.51 
32 812.80} 814.39} 815.98] 817.56] 819.15] 820.74} 822.33) 823.91 
33 838.20| 839.79} 841.38] 842.96] 844.55] 846.14| 847.73] 849.31 
34 863.60] 865.19| 866.78) 868.36] 869.95] 871.54| 873.13] 874.71 
35 889.00} 890.59) 892.18| 893.76) 895.35| 896.94] 898.53} 900.11 


36 914.40} 915.99| 917.58] 919.16] 920.75] 922.34] 923.93] 925.51 
37 939.80] 941.39] 942.98] 944.56] 946.15] 947.74] 949.33| 950.91 
38 965.20] 966.79| 968.38) 969.96] 971.55] 973.14| 974.73| 976.31 
39 990.60} 992.19} 993.78) 995.36] 996.95] 998.54) 1000.13} 1001.71 
40 | 1016.00} 1017.59] 1019.18 | 1020.76 | 1022.35 | 1023.94 | 1025.53 | 1027.11 


Al 1041.40 | 1042.99 | 1044.58 | 1046.16 | 1047.75 | 1049.34 | 1050.93 | 1052.51 
42 1066.80} 1068.39 | 1069.98 | 1071.56 | 1073.15 | 1074.74 | 1076.33 | 1077.91 
43 1092.20 | 1093.79 | 1095.38 | 1096.96 | 1098.55 | 1100.14| 1101.73] 1103.31 
44 |1117.60/ 1119.19 | 1120.78 | 1122.36 | 1123.95 | 1125.54} 1127.13 | 1128.71 
45 |11438.00| 1144.59] 1146.18] 1147.76 | 1149.35 | 1150.94 | 1152.53 | 1154.11 


46 |1168.40| 1169.99 | 1171.58 | 1173.16 | 1174.75 | 1176.34 | 1177.93 | 1179.51 
47 1193.80} 1195.39 | 1196.98 | 1198.56 | 1200.15 | 1201.74] 1203.33 | 1204.91 
48 | 1219.20) 1220.79 | 1222.38 | 1223.96) 1225.55 | 1227.14 | 1228.73 | 1230.31 
49 |1244.60] 1246.19] 1247.78] 1249.36 | 1250.95 | 1252.54 | 1254.13 | 1255.71 
50 | 1270.00) 1271.59] 1273.18 | 1274.76 | 1276.35 | 1277.94 | 1279.53 | 1281.11 
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MEASURES AND WEIGHTS 


METRIC CONVERSION TABLE 


Incuts to MiLuimMeTers 


39.37 inches, U. S. Standard=1 meter=100 centimeters=1000 millimeters 


Inches p %e 58 M6 34 1546 


15.88 17.46 19.05 . 3 23.81 
39.69; 41.28) 42.86] 44.45 s 49.21 
65.09 66.68 68.26 69.85 : : 74.61 
90.49 92.08 93.66 95.25 : 100.01 

115.89} 117.48) 119.06) 120.65 ‘ : 125.41 

141.29) 142.88] 144.46] 146.05 ; 5 150.81 


166.69} 168.28) 169.86) 171.45 5 4 176.21 
192.09] 193.68] 195.26] 196.85 Z : 201.61 
217.49| 219.08] 220.66) 222.25 3. : 227.01 
242.89) 244.48) 246.06] 247.65 : : 252.41 
268.29| 269.88] 271.46] 273.05 b 5 277.81 


293.69| 295.28) 296.86) 298.45 3 5 303.21 
319.09| 320.68] 322.26) 323.85 ; .03| 328.61 
344.49! 346.08] 347.66/ 349.25 : , 354.01 
369.89 | 371.48| 373.06| 374.65 2 5 379.41 
395.29| 396.88] 398.46) 400.05 P ; 404.81 


420.69! 422.28} 423.86| 425.45 ; 128.63! 430.21 
446.09] 447.68] 449.26; 450.85 52. -03| 455.61 
471.49) 473.08] 474.66] 476.25 5 5 481.01 
496.89] 498.48} 500.06) 501.65 : 506.41 
522.29| 523.88) 525.46) 527.05 : .23) 531.81 


547.69| 549.28) 550.86] 552.45 f , 557.21 
573.09; 574.68] 576.26] 577.85 5 -03} 582.61 
598.49| 600.08} 601.66} 603.25 E -43| 608.01 
623.89] 625.48] 627.06] 628.65 : : 633.41 
649.29) 650.88) 652.46} 654.05 5.6 c 658.81 


674.69| 676.28) 677.86] 679.45 : A 684.21 
700.09| 701.68} 703.26) 704.85 6 A 709.61 
725.49| 727.08] 728.66] 730.25 “ 33. 735.01 
750.89| 752.48| 754.06} 755.65 é ; 760.41 
776.29| 777.88| 779.46| 781.05 : 3 785.81 


801.69| 803.28) 804.86) 806.45 : Ht 811.21 
827.09| 828.68] 830.26; 831.85 33. : 836.61 
852.49] 854.08} 855.66} 857.25 E 4 862.01 
877.89| 879.48} 881.06} 882.65 : : 887.41 
903.29| 904.88] 906.46} 908.05 : 3 912.81 


928.69! 930.28] 931.86} 933.45 i .63] 938.21 
954.09| 955.68] 957.26) 958.85 " -03| 963.61 
979.49| 981.08] 982.66] 984.25 989.01 
1004.89 | 1006.48 | 1008.06 | 1009.65 1014.41 
1030.29 | 1031.88 | 1033.46 | 1035.05 | 1036.64 | 1038.23 | 1039.81 


1054.10] 1055.69 | 1057.28 | 1058.86 | 1060.45 | 1062.04 | 1063.63 | 1065.21 
1079.50] 1081.09 | 1082.68 | 1084.26 | 1085.85 | 1087.44 | 1089.03 | 1090.61 
1104.90] 1106.49 | 1108.08 | 1109.66] 1111.25] 1112.84) 1114.43 | 1116.01 
1130.30] 1131.89} 1133.48 | 1135.06 | 1136.65 | 1138.24 | 1139.83] 1141.41 
1155.70| 1157.29 | 1158.88 | 1160.46 | 1162.05 | 1163.64) 1165.23) 1166.81 , 


OOND TAPWNEO 


1181.10 | 1182.69 | 1184.28 | 1185.86 | 1187.45 | 1189.04) 1190.63; 1192.21 
1206.50 | 1208.09 | 1209.68 | 1211.26 | 1212.85] 1214.44) 1216.03) 1217.61 
1231.90 | 1233.49 | 1235.08 | 1236.66 | 1238.25 | 1239.84] 1241.43) 1243.01 
1257.30 | 1258.89 | 1260.48 | 1262.06 | 1263.65 | 1265.24 | 1266.83 | 1268.41 
1282.70 | 1284.29 | 1285.88 | 1287.46 | 1289.05 | 1290.64 | 1292.23} 1293.81 
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CARNEGIE STEEL COMPANY 


METRIC CONVERSION TABLE 


Pounps AvoIrRDUPOIS TO KILOGRAMS 


1 Pound=0.45359 Kilograms 


34.47 
39.01 
43.54) 
48.08 


52.62 
57.15 
61.69 
66.22 
70.76 


< : : 75.30 
78.02) é : ae 79.83 
82.55) 83. : 3. 84.37 
87.09 ; : é 88.90 
91.63) 92. 2.5¢ 2. $3.44 


96.16 65 : . 97.98) 
100.70 : 5 2.06) 102.51 
105.23] 105. : -59) 107.05 
109.77 2 111.58 
114.31) 114.76 115.67} 116.12 


118.84) 119.29) 119.75) 120.20) 120.66 
123.38) 123.83) 124.28] 124.74) 125.19 
}] 127.91) 128.37) 128.82) 129.27] 129.73 
132.45) 132.90) 133.36] 133.81) 134.26 
136.98) 137.44] 137.89) 138.35] 138.80 


141.52) 141.97| 142.43) 142.88] 143.34 
146.06) 146.51) 146.96) 147.42) 147.87 
150.59) 151.05/ 151.50) 151.95) 152.41 
155.13) 155.58) 156.04] 156.49] 156.94 
159.66) 160.12) 160.57) 161.03] 161.48 


164.20) 164.65] 165.11) 165.56) 166.01 -47| 166.92 
168.74) 169.19) 169.64) 170.10) 170.55 -00 171.46 
173.27| 173.73] 174.18] 174.63] 175.09 -54) 175.99) 
35) 177.81) 178.26] 178.72] 179.17] 179.62 -08| 180.53 
181.89] 182.34) 182.80) 183.25] 183.70] 184.16 -61) 185.07 


186.43) 186.88) 187.33] 187.79] 188.24| 188.69 .15} 189.60 
190.96) 191.42) 191.87/ 192.32) 192.78] 193.23] 193.68] 194.14) 
195.50) 195.95) 196.41) 196.86) 197.31] 197.77 -22) 198.67 
200.03} 200.49) 200.94) 201.40) 201.85] 202.30 -76) 203.21 
204.57| 205.02| 205.48) 205.93) 206.38) 206.84 -29) 207.75 


209.11] 209.56) 210.01/ 210.47| 210.92) 211.37 -83) 212.28 
213.64) 214.10) 214.55) 215.00! 215.46] 215.91 216.82 
218.18} 218.63] 219.09) 219.54/ 219.99| 220.45 221.35 
222.71) 223,17| 223.62|224.07| 224.53] 224.98] 225.44| 225.89 
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MEASURES AND WEIGHTS 


METRIC CONVERSION TABLE 


Pounps Avorrpupois To KinoGRAMS 
1 Pound=0.45359 Kilograms 


0 4 9 


226.80) 227.25) 227.70) 228.16) 228.61] 229.06 229.97 230.88 
231.33) 231.79) 232.24) 232.69) 233.15] 233.60) 234.51 235.41 
235.87| 236.32/ 236.78] 237.23] 237.68) 238.14 239.04) 239.95 
240.40) 240.86) 241.31) 241.76) 242.22) 242.67 243.58 -03| 244.49 
244.94! 245.39) 245.85) 246.30) 246.75) 247.21 248.12) 249.02 
249.48) 249.93) 250.38) 250.84) 251.29) 251.74 252.65 253.56 


254.01) 254.47| 254.92) 255.37| 255.83) 256.28) 257.19) 258.09 
258.55)/ 259.00) 259.45) 259.91) 260.36) 260.82 261.72) 262.18) 262.63 
263.08) 263.54) 263.99) 264.44) 264.90) 265.35 266.26) 266.71) 267.17 
267.62) 268.07| 268.53) 268.98) 269.43) 269.89 270.79] 271.25) 271.70 
272.16) 272.61) 273.06) 273.52) 273.97| 274.42 275.33) 275.78) 276,24 


276.69) 277.14) 277.60) 278.05) 278.51| 278.96 279.87) 280.32) 280.77 
281.23) 281.68) 282.13) 282.59) 283.04) 283.50 284.40) 284.86) 285.31 
285.76] 286.22) 286.67/ 287.12) 287.58) 288.03 288.94) 289.39) 289.85 
290.30] 290.75) 291.21/291.66) 292.11) 292.57 293.47 293.93) 294.38 
294.84) 295.29] 295.74) 296.20) 296.65) 297.10 298.01) 298.46) 298.92 


299.37| 299.82) 300.28) 300.73) 301.19) 301.64 302.55) 303.00) 303.45" 
303.91) 304.36) 304.81) 305.27) 305.72) 306.17 307.08) 307.54) 307.99 
308.44) 308.90) 309.35) 309.80) 310.26) 310.71 311.62) 312.07) 312.52 
312.98) 313.43) 313.89) 314.34/ 314.79) 315.25 316.15) 316.61) 317.06 
317.51) 317.97) 318.42) 318.88) 319.33) 319.78 320.69) 321.14) 321.60 


322.05) 322.50) 322.96) 323.41) 323.86) 324.32 325.23) 325.68) 326.13 
326.59) 327.04) 327.49) 327.95) 328.40) 328.85 329.76) 330.22) 330.67 
331.12/331.58/ 332.03) 332.48) 332.94) 333.39 334.30) 334.75) 335.20 
335.66] 336.11/336.57) 337.02) 337.47) 337.93 338.83) 339.29) 339.74 
340.19) 340.65) 341.10) 341.56) 342.01 342.46 343.37) 343.82) 344.28 


344.73) 345.18) 345.64/ 346.09] 346.54) 347.00 5) 347.91) 348.36) 348.81 
349.27) 349.72)| 350.17/ 350.63) 351.08) 351.53 352.44) 352.89) 353.35 
353.80) 354.26) 354.71| 355.16) 355.62| 356.07) 356.98] 357.43) 357.88 
358.34) 358.79) 359.25) 359.70) 360.15) 360.61 361.51) 361.97) 362.42 
362.87) 363.33} 363.78) 364.23) 364.69) 365.14 366.05) 366.50) 366,96 


367.41) 367.86) 368.32) 368.77| 369.22) 369.68 370.59) 371.04) 371.49 
371.95) 372.40) 372.85] 373.31] 373.76) 374.21 375.12) 375.57) 376.03 
376.48] 376.94) 377.39] 377.84] 378.30) 378.75 379.66] 380.11) 380.56 
381.02) 381.47/ 381.92) 382.33) 382.83) 383.29 384.19) 384.65) 385.10 
385.55] 386.01) 386.46) 386.91) 387.37) 387.82 388.73) 389.18) 389.64 


390.09} 390.54) 391.00) 391.45) 391.90) 392.36 393.26] 393.72) 394.17 
394.63] 395.08) 395.53] 395.99] 396.44) 396.89 397.80) 398.25) 393.71 
399.16) 399.61) 400.07/ 400.52) 400.98) 401.43 402.34| 402.79) 403.24 
403.78] 404.15) 404.60) 405.06) 405.51) 405.97 406.87| 407.33] 407.78 
408.23) 408.69) 409. 14| 409.59) 410.05) 410.50 411.41] 411.86) 412.32 


412.77| 413.22) 413.68) 414.13) 414.58 415.14 415.94) 416.40 416.85 
417.31])417.76) 418.21) 418.67) 419.12) 419.57 420.48] 420.93) 421.39 
421.84) 422.29) 422.75) 423.20) 423.66) 424.11 425.02| 425.47) 425.92 
426.38] 426.83] 427.28) 427.74) 428.19) 428.64 429.55] 430.01) 430.46 
430.91) 431.87| 431.82) 432.27/432.73) 433.18 434.09) 434.54) 435.00 


435.45] 435.90] 436.36) 436.81) 437.26) 437.72 438.62| 439.08) 439,53 
439.98] 440.44) 440.89) 441.35) 441.80) 442.25 443.16] 443.61) 444.07 
444.52) 444,97| 445.43) 445.88) 446.33) 446.79 447.70) 448.15) 448.60 
449.06] 449.51] 449.96) 450.42) 450.87) 451.32 452.23] 452.69) 453.14 
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PROPERTIES OF THE CIRCLE 


Circumference of Circle of Dia. 1= 7 = 3.14159265 

Circumference of Circle=27r 

Dia. of Circle = Circumference x 0.31831 

Diameter of Circle of equal periphery as square = side x 1.27324 
Side of Square of equal periphery as circle =diameter x 0.78540 
Diameter: of Circle circumscribed about square = side x 1.41421 
Side of Square inscribed in Circle = diameter x 0.70711 


> Ce 


wr A° 


paar me ° 
1807 = 0.017453 r A 


Diameter, d= 


Se aera ° 
2¥ 2br—b2=e2rsin . 


ers © ACY Se See) 
r—l6Nn 4r? Chee tan =2rsin? 


4 
r+y—WVr?—x2. y=b—rtyr?—x? x—yr?—(r+-y—b)?2 
3.14159265, log = 0.4971499 


0.3183099, log = 1.5028501 
9.8696044, log = 0.9942997 
0.1013212, log = 1.0057003 


1.7724539, log = 0.2485749 


= 0.5641896, log = 1.7514251 


0.0174533, log = 2.2418774 


= .2957795, log = 1.7581226 
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MENSURATION TABLES 


AREA OF PLANE FIGURES 


Triangle: Base x 14 perpendicular height. 


Vv 6a —a) (sb) (s—e); 


s=! sum of the three sides a, b andc. 


Trapezium : Sum of area of the two triangles. 
Trapezoid: 1 sum of parallel sides x perpendicular height. 
Parallelogram: Base x perpendicular height. 


Regular Polygon: 14 sum of sides x inside radius. 


Circle: mwr2 =0.78540 x dia.? = 0.07958 x circumference?. 
5 mr? A° ° 1 : 
Sector of Circle: —35)— = 0.0087266 r?A° = arc x 14 radius. 
‘ r2 {a A° ; . 
Segment of Circle: 5} ( 180 —sin A 
Circle of same area as square: diameter = side x 1.12838 
Square of same area as circle: side = diameter x 0.88623— 
Ellipse: Long diameter x short diameter x 0.78540 ‘ 
Parabola : Base x % perpendicular height. 


Irregular plane surface. 


Divide any plane surface A, B, C, D, along a line a-b into an even 
number, n, of parallel and sufficiently small strips, d, whose ordinates 
are hi, he, hs, ha, hs...... hn—1, hn, hn+1, and considering contours 
between three ordinates as parabolic curves, then for section ABCD, 


“Area=4 [hatha p1t4(hetheths...-thn)-+2 (he+hs+h7..+ha.1)| 


or, approximately, Area = Sum of ordinates x width, d. 


CARNEGIE STEEL COMPANY 


TRIGONOMETRIC FORMULAS 


Radius,.1=sin* A + cos? A 


=sin A cosec A=cosA secA—=tan A cotA 


suo Anite l pmeeh waked 
Cosine ash At sin A cot A=4/ 1— sin? A 


Again A p 


Tangent oT aT TN =sin A sec A 
Cotangent A == A - x =cos A cosec A 
. Secant aates 
tne radius =1------7 Cosecant A = 4 
tin (A+B) =sin A cosB+cosA sinB tan (A + B) = 2. 
eos (A+B) =cosA cosB+sinA sinB cot (A + B) = Ae 
sin A+ sin B= 2sin 34 (A+ B) cos }4\(A—B) tan A+ tan 2 Se 
sin A — sinB = 2 cos 4 (A+ B) sin 4 (A—B) tea A—tan B= —S2 4-9 
cos A+ cos B = 2 cos 14 (A+ B) cos 14 (A—B) cot A+ cot B= ee 
cos B — cos A = 2 sin 14 (A+ B) sin 34 (A—B) cot A—eot B= —S2 BA 
cin 2A = =2sinA cos A tan 2A =e 
oos 2A = cos? A—sin* A cot 24 = wa 
ay k= ee cos aa (ito ton 4A =A cot 4A= we 
Be ge met a See eee ees rece 
sin? A — sin? B = sin (A + B) sin (A — B) cos? A — sin? B = cos (A + B) cos (A — B) 
sin A tin B = ton 4(A +B) So Bram aa Ot 6 AFB) 
Quadrant 1 Il il Iv 


Angles | 0° to 90° | 90° to 180° |180° to. 270° |270° to 360° 


Functions Values vary from 


sin [+0 to +1}++1 to +0\—0to—1}-1 to 0 


cos +1 to +0}—-0 to —1/—1 to—0/+0 to +1 


tan +0 to+co—co to—0/+ Oto + Co}—-Co to— 0} 


cot +00 to+0—0 to—co}+- co wit Olo—ee 


MENSURATION TABLES 


TRIGONOMETRIC SOLUTION OF TRIANGLES 


b 


Formulae 


RigHt—-ANGLED TRIANGLES 
a 


® |o|p |to|p |O 


b=acot A, 


B= 90°—A, or C'sIn TA, 


ec? sin A cos A ec? sin2A 
Area eee ee ges Ol oe 


OBLIQUE-ANGLED TRIANGLES 


gintapA ook Vv oo ES) cog hha Vi Hon} Ass ee 


sin } B= Nie ie) £2) ,cos3 B= Ae >) tan } B= ioe 


sing C= VEE cos C pas Ase c) jtan } C= NED (s-b) 


a= 


= 7/ § (s—a) (s—b) (s-c) 
_ asin B e—2sin C _ asin (A + B) 


sin A sin A sin A 


i a2 sin B sin C 
=tabsin C= 2 sin A 

_ bsin A 

a 
= Sgn — ENS yw eae owe 
=4absin C 
asin C 
tan A = Fa cos GO” 
ce: =y a + b2-2ab cosO = 

Area =} ab sin C 


a2 = b2 + c2—2bc cos A, b2=a2 + c2—2 ac cos B c2=a2 + b?—2 ab cosC 


a-—b 
tan + (A-B) Sasi cot 4C 


asin OC 
sin A 
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AREA OF CIRCULAR SECTIONS 


Circular Sector, monp 


Area=¥ (length of arc, mpn x radius, r) 
arc mpn, in degrees 
360 
=0.0087266 x square of radius, r2,x angle of arc, mpn, in degrees. 


=area of circle x 


Circular Segment, m pn, less than half circle. 


Area—=area of sector, mon p—area of triangle, mon 
=(length of arc,m pn, x radius, r) — (radius, r, — rise. b) x chord, ¢ 


Circular Segment, mqn, greater than half circle. 
Area—area of circle—area of segment, mnp 
Circular Segment, from Table I, page 369. 


Given: rise, b, and chord, c. 
Area=product of rise and chord, bxc, multiplied by the 


coefficient given opposite the quotient of 2: 


8 8 

° 

: <i () 
3 aat=} 


Intermediate coefficients for values of 2 not given 


in tables are obtained by interpolation, 
Example — Given: rise=1.49 and chord =3.52, 
2 — 449 = 0.4233. Coefficient = 0.7542. 


Area=b x cx coeff.=1.49 x 3.52 x 0.7542=3.9556. 


Circular Segment, from Table II, pages 370 and 371. 


Given: rise, b, and diameter, d = 2r. 

Area=square of diameter, d?, multiplied by the 
coefficient given opposite the quotient of 2. 
Intermediate coefficients for values of oe not given 


in tables are obtained by interpolation, : 
Example — Given: rise=2%. and diameter=53%5. 
D244 + 5%2 = 0.478528. 
Coefficient by interpolation = 0.371233. 
Area=d? x coeff. = 25.94629 x 0.371233 = 9.6321. 


Ke] 
MI 


Circular Zone, tuwv 
Area—=area of circle — (area of segment, tp u + area of segment, v q w). 


ee eae Circular Lune, mpns 
Coa Area=segment, mp n—segment, msn. 


+ 


fo] 
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MENSURATION TABLES 
a sesSssSsSessSsssssSsSsSSSsSSSSSSSS 


AREAS OF CIRCULAR SEGMENTS 
TasiLe 1—For Ratios or Risk anp CHoRD 


o| Coeffi- b o | Coeffi- b o | Coeffi- b o | Coeffi- b 

A® | cient rom A cient Cc A cient 6) A cient (Oy 
1 | .6667 | .0022 || 46 | .6722| .1017 | 91| .6895| .2097 || 136| .7239 | .3373 
2 | .6667 | .0044 || 47 | .6724 | .1040 | 92) .6901 | .2122 137] .7249 | .3404 
3 | .6667 | .0066 || 48 | .6727 | .1063 || 93] .6906 | .2148 1138] .7260 | .3436 
4 | .6667 | .0087 || 49 | .6729 | .1086 || 94] .6912 | .2174 1139] .7270| .3469 
5 | .6667 | .0109 || 50 | .6732 | .1109 | 95] .6918 | .2200 || 140] .7281 | .3501 
6 | .6667 | .0131 || 51 | .6734 | .1131 || 96] .6924 | .2226 1141] .7292 | .3534 
7 | .6668 | .0153 || 52 | .6737 | .1154 || 97] .6930 | .2252 1142] .7303 | .3567 
8 | .6668 | .0175 || 53 | .6740] .1177 || 98| .6936 | .2279 11437 .7314 | .3600 
9 | .6669 | .0197 || 54 | .6743 |] .1200 | 99| .6942 | .2305 |1144| .7325 | .3633 


10 | 6670 | .0218 || 55 | .6746 | 1224 | 100] ‘6948 | 12332 ||145| (7336 | ‘3666 


Lal all al 
HCO dO 
Q2O 
OOo 
NNN 
NNe 
ooo 
Wh bo 
SOR 
Die bo 
Crore 
CaN 
OO > 
NNN 
Crorcr 
Dob 
bet et 
who 
RON 
AnWo 
be et 
ooo 
POOL 
orJorYor) 
ooo 
IO 
eA 
CTS) 
He CO 
Qe CO 
Onn 
fet pt fet 
Pee 
COON 
NINN 
Www 
DND 
WO 
wo te 
Seo 
Na 


eo 
J 
on) 
ey 
j=) 
bo 
j=) 
Go 
i 
ee 
ie) 
bo 
Q 
oo 
i 
ve} 
bh 
ao 
D 
We} 
oa 
bo 
I 
i 
oa 
on 
bo 
oo 
j=) 
We) 
> 
_ 
J 
nN 
NI 
~J 
io 
i) 
~ 
for) 
for) 
VN) 


43 | 16714 | .0949 || 88 | 6879 | .2020-| 133 | .7209 | .3278 178] :7817 | 14914 
45 | .6719 | .0995 || 90 6584 | 


"2071 || 135] :7229 | 13341 ||180| 7854 | :5000 
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AREAS OF CIRCULAR SEGMENTS 
Taste II, ror Ratios or Ris—E AND DIAMETER 


Area=d? x Coefficient 


— — ~ 


| 
| 
| 


| 
-000042 || . .015119 || .101 | .041477 || . -074590 | 
-000119 || . -015561 || . -042081 || . -075307 | 
-000219 || . -016008 || . -042687 || .153 | .076026 | 
-000337 || . -016458 || . -043296 || . -076747 | 
-000471 || . .016912 || . -043908 || . -077470 ||. 


-000619 || . .017369 || . -044523 || . .078194 | 

-000779 || .0£ -017831 || . -045140 || . -078921 || . 
-000952 || . -018297 || . -045759 || . -079650 
-001135 || . -018766 || . -046381 | . -080380 
.001329 || . -019239 || . -047006 || . -081112 


-001533 | . -019716.| . -047633 || . -081847 
.001746 || .062 | .020197 || . -048262 || . -082582 
-001969 || .063 | .020681 | . -048894 || . -083320 
-002199 || . -021168 | . .049529 || . -084060 
-002438 || . -021660 | . -050165 || . -084801 


-002685 || . -022155 -050805 || . -085545 
.002940 || . -022653 || . -051446 || . -086290 
-003202 || . -023155 || . -052090 || . -087037 
-003472 || . -023660 || . -052737 || . -087785 
-003749 || . -024168 || . -053385 || . -088536 


-004032 || . -024680 || . -054037 || . -089288 
-004322 || . .025196 || .122 | .054690 || . -090042 
-004619 || .073 | .025714 || . -055346 || .173 | .090797 
-004922 || . -026236 || . -056004 || . -091555 
-005231 |) . -026761 | . -056664 || . .092314 


-005546 || . -027290 || . -057327 || . -093074 
-005867 || . -027821 ] . -057991 || . -093837 
-006194 || . -028356 | . -058658 || . -094601 
.006527 || . .028894 || . -059328 | . -095367 
-006866 || . -029435 || . -059999 | . .096135 


-007209 || . -029979 || . .060673 || . -096904 
:007559 | . -030526 || . -061349 | . -097675 
-007913 | .083 | .031077 || . .062027 || . .098447 
.008273 || . -031630 |) . -062707 || . .099221 
.008638 || . .032186 |) . -063389 || . -099997 


-009008 |} . -032746 || . .064074 || . -100774 
-009383 || . -033308 || . -064761 | . -101553 
-009764 || . -033873 -065449 || . -102334 
-010148 || . -034441 | . -066140 || . -103116 
-010538 |] . -035012 || . -066833 |) . .103900 


-010932 || . -035586 || . -067528 || . -104686 
-011331 ] . -036162 |) .1: -068225 || . -105472 
.011734 || . -036742 || . -068924 || . .106261 
-012142 | . -037324 | . -069626 || . 107051 
..012555 || . -037909 || . -070329 || . -107843 


.012971 || . -038497 || . -071034 || . -108636 
-013393 || . -039087 || . .071741 ||. -109431 
-013818 | . -039681 || . -072450 || . .110227 -151816 
.014248 || . -040277 || . -073162 || . -111025 || . -152681 
-014681 || . -040875 || . -073875 ||. -111824 || . -153546 


+ Coefficient Coefficient + Coefficient Coefficient 


-112625 
-113427 
-114231 
-115036 
-115842 


-116651 
-117460 
-118271 
-119084 
-119898 


-120713 
-121530 
-122348 
-123167 
-123988 


-124811 
-125634 
-126459 
-127286 
-128114 


-128943 
-129773 
-130605 
-131438 
-132273 


-133109 
-133946 
.134784 
-135624 
-136465 


-137307 
.138151 
-138996 
-139842 
-140689 


-141538 
-142388 
-143239 
-144091 
-144945 


-145800 
-146656 
-147513 
-148371 
-149231 


-150091 
-150953 
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AREAS OF CIRCULAR SEGMENTS 
Tasie II, For Ratios or Risk anp DiramMeTER—Concluded 


Area=d2 x coefficient 


b Coefficient b Coefficient | b Coefficient b Coefficient b Coefficient 
d d | a d d 

-251 | .154413 || .301 | .199085 || .351 | .245935 || .401 | .294350 || .451 | .843778 
.252 | .155281 || .302 | .200003 || .352 | .246890 || .402 | .295330 || .452 | .344773 
-253 | .156149 || .303 | .200922 | .353 | .247845 || .403 | .296311 || .453 | .345768 
.254 | .157019 || .304 | .201841 || .354 | .248801 || .404 | .297292 || .454 | .346764 
-255 | .157891 || .305 | .202762 || .355 | .249758 || .405 | .298274 || .455 | .347760 
.256 | .158763 || .306 | .203683 || .356 | .250715 || .406 | .299256 || .456 | .348756 
-257 | .159636 || .307 | .204605 || .357 | .251673 || .407 | .800238 || .457 | .349752 
.258 | .160511 || .308 | .205528 || .358 | .252632 || .408 | .301221 | .458 | .350749 
.259 | .161386 || .309 | .206452 || .359 | .253591 || .409 | .302204 || .459 | .851745 
-260 | .162263 || .3810 | .207376 || .860 | .254551 || .410 | .303187 || .460 | .852742 
.261 | .163141 || .311 | .208302 || .361 | .255511 || .411 | .304171 ||.461 | 353739 
-262 | .164020 || .312 | .209228 || .3862 | .256472 || .412 | .305156 || .462 | .354736 
.263 | .164900 || .3813 | .210155 || .863 | .257433 || .413 | .306140 || .463 | .855733 
.264 | .165781 |) .314 | .211083 || .864 | .258395 || .414 | .807125 || .464 | .356730 
-265 | .166663 || .315 | .212011 || .865 | .259358 || .415 | .308110 || .465 | .357728 
.266 | .167546 || .816 } .212941 |) .366 | .260321 || .416 | .309096 || .466 | .358725 
-267 | .168431 |} .317 | .213871 || .367 | .261285 || .417 | .3810082 || .467 | .859723 
.268 | .169316 || .318 | .214802 || .868 | .262249 || .418 | .311068 || .468 | .860721 
.269 | .170202 || .3819 | .215734 || .869 | .263214 || .419 | .3812055 || .469 | .861719 
-270 | .171090 || .820 | .216666 || .370 | .264179 || .420 | .313042 || .470 | .862717 
.271 | .171978 || .821 | .217600 || .3871 | .265145 || .421 | .314029 || .471 | .363715 
.272 | .172868 || .322 | .218534 || .872 | .266111 || .422 | .315017 || .472 | .364714 
.273 | .173758 || .323 | .219469 || .3873 | .267078 || .423 | .316005 || .473 | .365712 
.274 | .174650 || .324 | .220404 || .874 | .268046 || .424 | .316993 || .474 | .366711 
.275 | .175542 || .3825 | .221341 || .375 | .269014 || .425 | .817981 || .475 | .867710 
.276 | .176436 || .326 | .222278 || .376 | .269982 || .426 | .3818970 || .476 } .868708 
.277 | 177330 || .327 | .223216 || .3877 | .270951 || .427 | .319959 || .477 | .369707 
.278 | .178226 || .328 | .224154 || .3878 | .271921 || .428 | .320949 || .478 | .3870706 
.279 | .179122 || .829 | .225094 1) .379 | .272891 || .429 |] .821938 || .479 | .3871705 
.280 | .180020 || .330 | .226034 || .380 | .273861 || .430 | .822928 | .480 | .872704 
.281 | .180918 || .331 | .226974 || .381 | .274832 31 | .323919 | .481 | .873704 
'282 | 181818 || .332 | .227916 || .382 | 275804 || .432 | 324909 || -482 | 374703 
.283 | .182718 || .333 | .228858 || .383 | .276776 || .433 | .825900 || .483 | .875702 
.284 | .183619 || .334 | .229801 | .384 | .277748 | .434 | .326891 || .484 | .3876702 
.285 | 184522 || .835 | .230745 || .885 | .278721 || .435 | .327883 | .485 | .3877701 
.286 | .185425 || .336 | .231689 || .386 | .279695 || .436 | .328874 || .486 | .378701 
.287 | .186329 || .337 | .232634 || .387 | .280669 || .437 | .329866 || .487 | .879701 
.288 | .187235 || .838 | .233580 || .388 | .281643 || .438 | .330858 || .488 | .880700 
.289 | .188141 |) .339 | .234526 || .889 | .282618 || .439 | .331851 || .489 | .881700 
.290 | .189048 || .340 | .235473 || .390 | .283593 || .440 | .332843 || .490 | .382700 
-291 | .189956 || .3841 | .236421 || .3891 | .284569 |) .441 | .333836 || .491 | .383700 
.292 | .190865 || .342 | .237369 |] .392 | .285545 || .442 | .334829 || .492 | .384699 
.293 | .191774 || .343 | .238319 ] .393 | .286521 || .443 | .835823 || .493 | .385699 
.294 | .192685 || .344 | .239268 || .394 | .287499 || .444 | .336816 | .494 | .886699 
.295 | .193597 || .345 | .240219 |] .3895 | .288476 || .445 | .337810 || .495 | .387699 
-296 | .194509 || .346 | .241170 |) .396 | .289454 || .446 | .338804 || .496 | .388699 
.297 | .195423 || .347 | .242122 || .897 | .290432 || .447 | .339799 || .497 | .389699 
.298 | .196337 || .3848 | .243074 || .898 | .291411 |] .448 | .840793 || .498 | .390699 
.299 | .197252 || .349 | .244027 || .399 | .292390 || .449 | .341788 | .499 | .391699 
.300 | .198168 || .350 | .244980 || .400 | .293370 || .450 | .342783 || .500 | .392699 
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SURFACE AND VOLUME OF SOLIDS 
S=LATERAL OR Convex SURFACE. V=VOLUME 


Parallelopiped 
S=perimeter, P, perp. to sides x lat. length, I: Pil 
V=area of base, B x perpendicular height, h: Bh 
V=area of section, A, perp. tosidesxlat.length,1: Al 


/ 


Prism, Right or Oblique, Regular or Irregular 
S=perimeter, P, perp. to sides x lat. length, 1: 
V=area of base, B x perpendicular height, h: 
V=area of section, A, perp, to sides xlat. length, I: 


Cylinder, Right or Oblique, Circular or Elliptic, ete. 
S=perimeter of base, Px perp. height, h: Ph 
S=perimeter, Pi, perp. to sides xlat. length, 1: Pil 
V=area of base, B x perpendicular height, h: Bh 
V=area of section, A, perp. to sides xlat. length, 1: Al 


Frustum of any Prism or Cylinder 
V=area of base, B x perp. distance, h, from base 
to center of gravity of opposite face: Bh 
For cylinder: % A (hi + le) 


Pyramid or Cone, Right and Regular 
S=perimeter of base, P x & slant height, 1: % Pl 
V=area of base, B x 4% perp. height, h: 1% Bh 


Pyramid or Cone, Right or Oblique, Regular or Irregular 

V=area of base, B x 44 perp. height, h: 1% Bh 

V=1 volume of prism or cylinder of same base 
and perpendicular height 

V=\' volume of hemisphere of same base and 
perpendicular height 


Frustum of Pyramid or Cone, Right and Regular, 
. Parallel Ends 
~. S—=(sum of perimeter of base, P, and top, p) x% slant 
: height, 1: 441 (P+ p) 
V:==(sum of areas of base, B, and top, b + square 
, root of their products) x4 perp. height, h: 


%h (B+b+7/ Bb) 
Frustum of any Pyramid or Cone, Parallel Ends 


V=(sum of areas of base, B, and top, b + square 
root_of their products) x 4% perp. height, h: 


ts DCB: bit aioe) 
Wedge, Parallelogram Face 
V=\ (sum of three edges,aba x perpendicular 
height, hx perpendicular width, d): 
¥%dh(2a+b) 
Prismatoid 
V=\% perp. height, h (sum of areas of base, B, and top 
b, + 4x area of section, M, parallel to bases 
and midway between them): 
: : Y¥%h(B+b+4M) 
The Prismatoid formula applies also to any of 
the foregoing solids with parallel bases, to pyramids, 
cones, spherical sections, and to many solids with 
irregular surfaces. 
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SURFACE AND VOLUME OF SOLIDS—Concluded 
S=LATERAL OR Convex SurFAcE. V=VOLUME 


Sphere 
S=47r2?= 7 d2=8.14159265 d2 
V=48 7 38 = 16 7 d3 = 0.52359878 d8 


Spherical Sector 


Spherical Segment 
S=2 rrb=14 qr (4 b2 + c2) 
V='6 w b2 (3 r-b) = Ys 7 b (3 c2 + 4 b2) 


Spherical Zone 


S=27rb 
V='4. 7 b (3 a2 + 3 c2 + 4b?) 


Circular Ring 
S=4 72 Rr 
V=2 r? Rr?2 


« 


Ungula of Right, Regular Cylinder 


Base=Half Circle 
S=2 rh 


Base=Segment, b a b 


S=(2 rm-ox arc, bab) mea 
V=(3 m3—-o x area, bab) J V=% r2h 


Base=Segment, cac Base=Circle 


S=(2r n + px arc, c’a c) ss S=r7h 


= ; V=($6 n° + px area, cac) > 5 V=%) r2 rh 
+-— - 
! ie f Ellipsoid 
i Steet V=\4 rrab 


&--—--q--—-—- t= --# 
e Paraboloid 


Vai) rr2h 


Ratio of corresponding volumes of a Cone, Parabo- 
loid, Sphere, and Cylinder of equal height: 14: 14: 24: 1 


Bodies Generated by Partial or Complete Revolution 


l=length of a curve \ rotating about an axis 1-1 
=area of a plane on one side and in plane of axis 
r=distance of center of gravity of line or plane from 

axis 1-1 and for any angle of revolution, a°, 


© ° 
207 8 —jlencth of arc described by center of gravity. 


iL S=length of curve x length of arc about axis 

——| Stee For complete revolution S=2r71 
V=area of plane x length of arc about axis 
baie =A ote For complete revolution V=2r7A 
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Functions or Numsers, 1 to 49 


1000 | No. = Diameter 


sgume | Gite | regrithn 


Z 
° 


x 1 
Reciprocal | Circum. Area 


| 
| 


1.0000 | 1.0000 | 0.00000 | 1000.000 3.142 0.7854 
1.4142 | 1.2599 | 0.30103 | 500.000 | 6.283 3.1416 
27 | 1.7321 | 1.4422 | 0.47712 | 333.333 9.425 7.0686 
64 | 2.0000 | 1.5874 | 0.60206 | 250.000 12.566 12.5664 
125 | 2.2361 | 1.7100 | 0.69897 | 200.000 15.708 19.6350 
216 | 2.4495 | 1.8171 | 0.77815 | 166.667 18.850 28.2743 
343 | 2.6458 | 1.9129 | 0.84510} 142.857 21.991 38.4845 
512 | 2.8284 | 2.0000 | 0.90309 | 125.000 25.133 50.2655 
729 | 3.0000 | 2.0801 | 0.95424 | 111.111 28.274 63.6173 
1000 | 3.1623 | 2.1544 | 1.00000} 100.000 31.416 78.5398 


COMNOOARWNH 


1331 | 3.3166 | 2.2240 | 1.04139 90.9091 | 34.558 | 95.0332 
1728 | 3.4641 | 2.2894 | 1.07918 83.3333 | 37.699) 113.097 
2197 | 3.6056 | 2.3513 | 1.11394 76.9231 | 40.841 | 132.732 
2744 | 3.7417 | 2.4101 | 1.14613 71.4286 | 43.982] 153.938 
3375 | 3.8730 | 2.4662 | 1.17609 66.6667 | 47.124! 176.715 
4096 | 4.0000 | 2.5198 | 1.20412 62.5000 | 50.265| 201.062 
4913 | 4.1231 | 2.5713 | 1.23045 58.8235 | 53.407 | 226.980 
5832 | 4.2426 | 2.6207 | 1.25527 55.5556 | 56.549| 254.469 
6859 | 4.3589 | 2.6684 | 1.27875 52.6316 | 59.690| 283.529 
8000 | 4.4721 | 2.7144 | 1.30103 50.0000 | 62.832] 314.159 


9261 | 4.5826 | 2.7589 | 1.382222 47.6190 | 65.973 | 346.361 
10648 | 4.6904 | 2.8020 | 1 34242 45.4545 | 69.115) 380.133 
12167 | 4.7958 | 2.8439 | 1.36173 43.4783 | 72.257] 415.476 
13824 | 4.8990 | 2.8845 | 1.38021 41.6667 | 75.398| 452.389 
15625 | 5.0000 | 2.9240 | 1.39794 40.0000 | 78.540| 490.874 
17576 | 5.0990 | 2.9625 | 1.41497 38.4615 | 81.681] 530.929 
19683 | 5.1962 | 3.0000 | 1.43136 37.0370 | 84.823] 572.555 
21952 | 5.2915 | 3.0366 | 1.44716 35.7143 | 87.965) 615.752 
24389 | 5.3852 | 3.0723 | 1.46240 34.4828 | 91.106] 660.520 
27000 | 5.4772 | 3.1072 | 1.47712 33.3333 | 94.248] 706.858 


29791 | 5.5678 | 3.1414 | 1.49136 32.2581 | 97.389} 754.768 
32768 | 5.6569 | 3.1748 | 1.50515 31.2500 | 100.531 | 804.248 
35937 | 5.7446 | 3.2075 | 1.51851 30.3030 | 103.673 | 855.299 
39304 | 5.8310 | 3.2396 | 1.55148 29.4118 | 106.814 | 907.920 
42875 | 5.9161 | 3.2711 | 1.54407 28.5714 | 109.956 | 962.113 
46656 | 6.0000 | 3.3019 | 1.55630 27.7778 | 113.097 | 1017.88 
50653 | 6.0828 | 3.3322 | 1.56820 27.0270 | 116.239 | 1075.21 
54872 | 6.1644 | 3.3620 | 1.57978 26.3158 | 119.381 | 1134.11 
59319 | 6.2450 | 3.3912 | 1.59106 25.6410 | 122.522 | 1194.59 
64000 | 6.3246 | 3.4200 | 1.60206 25.0000 | 125.66 | 1256.64 


68921 | 6.4031 | 3.4482 | 1.61278 24.3902 | 128.81 | 1320.25 
74088 | 6.4807 | 3.4760 | 1.62325 23.8095 | 131.95 | 1385.44 
79507 | 6.5574 | 3.5034 | 1.63347 23.2558 | 135.09 | 1452.20 
85184 | 6.6332 | 3.5303 | 1.64345 22.7273 | 138.23. | 1520.53 
91125 | 6.7082 | 3.5569 | 1.65321 22.2222 | 141.37 | 1590.43 
97336 | 6.7823 | 3.5830 | 1.66276 21.7391 | 144.51 | 1661.90 
103823 | 6.8557 | 3.6088 | 1.67210 21.2766 | 147.65 | 1734.94 
110592 | 6.9282 | 3.6342 | 1.68124 20.8333 | 150.80 | 1809.56 
117649 | 7.0000 | 3.6593 | 1.69020 20.4082 |} 153.94 | 1885.74 
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Functions or Numpers 50 ro 99 


Cube 


No. | Square 


Square 


Root 


Cubic 
Root 


Logarithm 


1000 


es 
Reciprocal 


a 
No. = Diameter 


Circum. 


Area 


7 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


2500 
2601 
2704 
2809 
2916 
3025 
3136 
3249 
3364 
3481 


125000 
132651 
140608 
148877 
157464 
166375 
175616 
185193 | 
195112" 
205379 


3600 
3721 
3844 
3969 
4096 
4225 
4356 
4489 
4624 
4761 


216000 
226981 
238328 
250047 
262144 
274625 
287496 
300763 
314432 
328509 


60 
61 
62 
63 
64 
65 
66 
67 
68 
69 


343000 
357911 
373248 
389017 
405224 
421875 
438976 
456533 
474552 
493039 


4900 
5041 
5184 
5329 
5476 
5625 
5776 
5929 
6084 
6241 


70 
7i 
72 
73 
74 
75 
76 
77 
78 
79 


512000 
531441 
551368 
571787 
592704 
614125 
636056 
658503 
681472 
704969 


80 
81 
82 
83 
84 

85 

86 

87 

88 

89 


6400 
6561 
6724 
6889 
7056 
7225 
7396 
7569 
7744. 
7921 


8100 
8281 
8464 
8649 
8836 
9025 
9216 
9409 
9604 
9801 


729000 
753571 
778688 
804357 
830584 
857375 
884736 
912673 
941192 


90 
91 
92 


7.0711 
7.1414 
7.2111 
7.2801 
7.3485 
7.4162 
7.4833 
7.5498 
7.6158 
7.6811 


7.7460 
7.8102 
7.8740 
7.9373 
8.0000 
8.0623 
8.1240 
8.1854 
8.2462 
8.3066 


8.3666 
8.4261 
8.4853 
8.5440 
8.6023 
8.6603 
8.7178 
8.7750 
8.8318 
8.8882 


8.9443 
9.0000 
9.0554 
9.1104 
9.1652 
9.2195 
9.2736 
9.3274 
9.3808 
9.4340 


9.4868 
9.5394 
9.5917 
9.6437 
9.6954 
9.7468 
9.7980 
9.8489 
9.8995 
970299 | 9.9499 


3.6840 
3.7084 
3.7325 
3.7563 
3.7798 
3.8030 
3.8259 
3.8485 
3.8709 
3.8930 


3.9149 
3.9365 
3.9579 
3.9791 
4.0000 
4.0207 
4.0412 
4.0615 
4.0817 
4.1016 


4.1213 
4.1408 
4.1602 
4.1793 
4.1983 
4.2172 
4,2358 
4.2543 
4.2727 
4.2908 


4.3039 
4.3267 
4.3445 
4.3621 
4.3795 
4.3968 
4.4140 
4.4310 
4.4480 
4.4647 


1.69897 
1.70757 
1.71600 
1.72428 
1.73239 
1.74036 
1.74819 
1.75587 
1.76343 
1.77085 


1.77815 
1.78533 
1.79239 
1.79934 
1.80618 
1.81291 
1.81954 
1.82607 
1.83251 
1.83885 


1.84510 
1.85126 
1.85733 
1.86332 
1.86923 
1.87506 
1.88081 
1.88649 
1.89209 
1.89763 


1.90309 
1.90849 
1.91381 
1.91908 
1.92428 
1.92942 
1.93450 
1.93952 
1.94448 
1.94939 


4.4814 
4.4979 
4.5144 
4.5307 
4.5468 
4.5629 
4.5789 
4.5947 
4.6104 
4.6261 


20.0000 
19.6078 
19.2308 
18.8679 
18.5185 
18.1818 
17.8571 
17.5439 
17.2414 
16.9492 


16.6667 
16.3934 
16.1290 
15.8730 
15.6250 
15.3846 
15.1515 
14.9254 
14.7059 
14.4928 


14.2857 
14.0845 
13.8889 
13.6986 
13.5135 
13.3333 
13.1579 
12.9870 
12.8205 
12.6582 


12.5000 
12.3457 
12.1951 
12.0482 
11.9048 
11.7647 
11.6279 
11.4943 
11.3636 
11.2360 


1.95424] 11.1111 
1.95904} 10.9890 
1.96379 | 10.8696 
1.96848 | 10.7527 
1.97313 | 10.6383 
1.97772 | 10.5263 
1.98227 | 10.4167 
1.98677 | 10.3093 
1.99123 | 10.2041 
1.99564 |} 10.1010 


375 


157.08 1963.50 
160.22 | 2042.82 
163.36 | 2123.72 
166.50 | 2206.18 
169.65 | 2290.22 
172.79 | 2375.83 
175.93 | 2463.01 
179.07 | 2551.76 
182.21 | 2642.08 
185.35 | 2733.97 


188.50 | 2827.43 


191.64 | 2922.47 
194.78 | 3019.07 
197.92 | 3117.25 
201.06 | 3216.99 
204.20 | 3318.31 
20785 | 3421.19 
210.49 | 3525.65 
213.63 | 3631.68 


216.77 | 3739.28 


219.91 3848.45 
223.05 | 3959.19 
226.19 | 4071.50 
229.34 | 4185.39 
232.48 | 4300.84 
235.62 | 4417.86 
238.76 | 4536.46 
241.90 | 4656.63 
245.04 | 4778.36 
248.19 | 4901.67 


251.33 | 5026.55 


254.47 | 5153.00 
257.61 5281.02 
260.75 | 5410.61 
263.89 | 5541.77 
267.04 | 5674.50 
270.18 | 5808.80 
273.32 | 5944.68 
276.46 | 6082.12 
279.60 | 6221.14" 


282.74 | 6361.73 
285.88 | 6503.88 
289.03 | 6647.61 
292.17 | 6792.91 
295.31 | 6939.78 
298.45 | 7088.22 
301.59 | 7238,23 
304.73 | 7389.81 
307.88 | 7542.96 
311.02 | 7697.69 
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Functions oF Numpers, 100 ro 149 


| | No. == Diamet 
: 1000 No. jameter 
Square Cube poy ae Logarithm 


x 
Reciprocal | Cireum. Area 


10000 | 1000000 | 10.0000 | 4.6416 | 2.00000 | 10.0000 | 314.16! 7853.98 
10201 | 1030301 | 10.0499 | 4.6570 | 2.00432 | 9.90099 | 317.30} 8011.85 
10404 | 1061208 | 10.0995 | 4.6723 | 2.00860} 9.80392 | 320.44] 8171.28 
10609 | 1092727 | 10.1489 | 4.6875 | 2.01284| 9.70874] 323.58 | 8332.29 
10816 | 1124864 | 10.1980 | 4.7027 | 2.01703 | 9.61538 | 326.73 | 8494.87 
11025 | 1157625 | 10.2470 | 4.7177 | 2.02119| 9.52381 | 329.87 | 8659.01 
11236 | 1191016 | 10.2956 | 4.7326 | 2.02531 | 9.43396 | 333.01} 8824.73 
11449 | 1225043 | 10.3441 | 4.7475 | 2.02938 | 9.34579 | 336.15} 8992.02 
11664 | 1259712 | 10.3923 | 4.7622 | 2.03342| 9.25926 | 339.29| 9160.88 
11881 | 1295029 | 10.4403 | 4.7769 | 2.03743 | 9.17431 | 342.43) 9331.32 


12100 | 1331000 | 10.4881 | 4.7914 | 2.04139} 9.09091 | 345.58| 9503.32 
12321 | 1367631 | 10.5357 | 4.8059 | 2.04532 | 9.00901 | 348.72| 9676.89 
12544 | 1404928 | 10.5830 | 4.8203 | 2.04922 | 8.92857 | 351.86} 9852.03 
12769 | 1442897 | 10.6301 | 4.8346 | 2.05308 | 8.84956 | 355.00 | 10028.7 
12996 | 1481544 | 10.6771 | 4.8488 | 2.05690 | 8.77193 | 358.14 | 10207.0 
13225 | 1520875 | 10.7238 | 4.8629 | 2.06070 | 8.69565 | 361.28 | 10386.9 
13456 | 1560896 | 10.7703 | 4.8770 | 2.06446 | 8.62069 | 364.42 | 10568.3 
13689 | 1601613 | 10.8167 | 4.8910 | 2.06819] 8.54701 | 367.57 | 10751.3 
13924 | 1643032 | 10.8628 | 4.9049 | 2.07188 | 8.47458 | 370.71 | 10935.9 
14161 | 1685159 | 10.9087 | 4.9187 | 2.07555 | 8.40336 | 373.85 | 11122.0 


14400 | 1728000 | 10.9545 | 4.9324 | 2.07918 | 8.33333 | 376.99 | 11309.7 
14641 | 1771561 | 11.0000 | 4.9461 | 2.08279| 8.26446 | 380.13 | 11499.0 
14884 | 1815848 | 11.0454 | 4.9597 | 2.08636 | 8.19672 | 383.27 | 11689.9 
15129 | 1860867 | 11.0905 | 4.9732 | 2.08991 | 8.13008 | 386.42 | 11882.3 
15376 | 1906624 | 11.1355 | 4.9866 | 2.09342 | 8.06452 | 389.56 | 12076.3 
15625 |} 1953125 | 11.1803 | 5.0000 | 2.09691 | 8.00000 | 392.70 | 12271.8 
15876 | 2000376 | 11.2250 | 5.0133 | 2.10037 | 7.93651 | 395.84 | 12469.0 
16129 | 2048383 | 11.2694 | 5.0265 | 2.10380| 7.87402 | 398.98 | 12667.7 
16384 | 2097152 | 11.3137 | 5.0397 | 2.10721 | 7.81250 | 402.12 | 12868.0 
16641 | 2146689 | 11.3578 | 5.0528 | 2.11059) 7.75194 | 405.27 | 13069.8 


16900 | 2197000 | 11.4018 | 5.0658 | 2.11394 | 7.69231 | 408.41 | 13273.2 
17161 | 2248091 | 11.4455 | 5.0788 | 2.11727 | 7.63359 | 411.55 | 13478.2 
17424 | 2299968 | 11.4891 | 5.0916 | 2.12057 | 7.57576 | 414.69 | 13684.8 
17689 | 2352637 | 11.5326 | 5.1045 | 2.12385 | 7.51880 | 417.83 | 13892.9 
17956 | 2406104 | 11.5758 | 5.1172 | 2.12710| 7.46269 | 420.97 | 14102.6 
18225 | 2460375 | 11.6190 | 5.1299 | 2.13033 | 7.40741 | 424.12 | 14313.9 
18496 | 2515456 | 11.6619 | 5.1426 | 2.13354) 7.35294 | 427.26 | 14526.7 
18769 | 2571353 | 11.7047 | 5.1551 | 2.138672 | 7.29927 | 430.40 | 14741.1 
19044 | 2628072 | 11.7473 | 5.1676 | 2.13988] 7.24638 | 433.54 | 14957.1 
19321 | 2685619 | 11.7898 | 5.1801 | 2.14301] 7.19424 | 436.68 | 15174.7 


19600 | 2744000 | 11.8322 | 5.1925 | 2.14613| 7.14286 | 439.82 | 15393.8 
19881 | 2803221 | 11.8743 | 5.2048 | 2.14922 | 7.09220 | 442.96 | 15614.5 
20164 | 2863288 | 11.9164 | 5.2171 | 2.15229] 7.04225 | 446.11 | 15836.8 
20449 | 2924207 | 11.9583 | 5.2293 | 2.15534] 6.99301 | 449.25 | 16060.6 
20736 | 2985984 | 12.0000 | 5.2415 | 2.15836] 6.94444 | 452.39} 16286.0 
21025 | 3048625 | 12.0416 | 5.2536 | 2.16137 | 6.89655 | 455.53 | 16513.0 
21316 | 3112136 | 12.0830 | 5.2656 | 2.16435] 6.84932 | 458.67 | 16741.5 
| 21609 | 3176523 | 12.1244 | 5.2776 | 2.16732 | 6.80272 | 461.81 | 16971.7 
21904 | 3241792 | 12.1655 | 5.2896 | 2.17026 | 6.75676 | 464.96 | 17203.4 
22201 | 3307949 | 12.2066! 5.3015 | 2.17319! 6.71141 | 468.10| 17436.6 
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Functions oF Numsers, 150 ro 199 


a 1000 No. = Diameter 
Square Cubic . ae ale epee ater) 
No. | Square Cube Logarithm x 
Root Root . Reciprocal | Circum. Area 


150 | 22500 | 3375000 | 12.2474 | 5.3133 | 2.17609 | 6.66667 | 471.24 | 17671.5 ° 
151 | 22801 | 3442951 | 12.2882 | 5.3251 | 2.17898 | 6.62252 | 474.38 | 17907.9 
152 | 23104 | 3511808 | 12.3288 | 5.3368 | 2.18184 | 6.57895 | 477.52 | 18145.8 
153 | 23409 | 3581577 | 12.3693 | 5.3485 | 2.18469 | 6.53595 | 480.66 | 18385.4 
154 | 23716 | 3652264 | 12.4097 | 5.3601 | 2.18752 | 6.49351 | 483.81 | 18626.5 
155 | 24025 | 3723875 | 12.4499 | 5.3717 | 2.19033 | 6.45161 | 486.95 | 18869.2 
156 | 24336 | 3796416 | 12.4900 | 5.3832 | 2.19312 |, 6.41026 | 490.09 | 19113 4 
157 | 24649 | 3869893 | 12.5300 | 5.3947 | 2.19590 | 6.36943 | 493.23 | 19359.3 
158 | 24964 | 3944312 | 12.5698 | 5.4061 | 2.19866 | 6.32911 | 496.37 | 19606.7 
159 | 25281 | 4019679 | 12.6095 | 5.4175 | 2.20140 | 6.28931 | 499.51 | 19855.7 


160 | 25600 | 4096000 | 12.6491 | 5.4288 | 2.20412 | 6.25000 | 502.65 | 20106.2 
161 | 25921 | 4173281 | 12.6886 | 5.4401 | 2.20683 | 6.21118 | 505.80 | 20358.3 
162 | 26244 | 4251528 | 12.7279 | 5.4514 | 2.20952 | 6.17284 | 508.94 | 20612.0 
163 | 26569 | 4330747 | 12.7671 | 5.4626 | 2.21219 | 6.13497 | 512.08 | 20867.2 
164 | 26896 | 4410944 | 12.8062 | 5.4737 | 2.21484 | 6.09756 | 515.22 | 21124.1 
165 | 27225 | 4492125 | 12.8452 | 5.4848 | 2.21748 | 6.06061 | 518.36 | 21382.5 
166 | 27556 | 4574296 | 12.8841 | 5.4959 | 2.22011 | 6.02410 | 521.50 | 21642.4 
167 | 27889 | 4657463 | 12.9228 | 5.5069 | 2.22272 | 5.98802 | 524.65 | 21904.0 
168 | 28224 | 4741632 | 12.9615 | 5.5178 | 2.22531 | 5.95238 | 527.79 | 22167.1 
169 | 28561 | 4826809 | 13.0000 | 5.5288 | 2.22789 | 5.91716 | 530.93 | 22431.8 


170 | 28900 | 4913000 | 13.0384 | 5.5397 | 2.23045 | 5.88235 | 534.07 | 22698.0 
171 | 29241 | 5000211 | 13.0767 | 5.5505 | 2.23300 | 5.84795 | 537.21 | 22965.8 
172 | 29584 | 5088448 | 13.1149 | 5.5613 | 2.23553 | 5.81395 | 540.35 | 23235.2 
173 | 29929 | 5177717 | 13.1529 | 5.5721 | 2.23805 | 5.78035 | 543.50 | 23506.2 
174 | 30276 | 5268024 | 13.1909 | 5.5828 | 2.24055 | 5.74713 | 546.64 | 23778.7 
175 | 30625 | 5359375 | 13.2288 | 5.5934 | 2.24304 | 5.71429 | 549.78 | 24052.8 
176 | 30976 | 5451776 | 13.2665 | 5.6041 | 2.24551 | 5.68182 | 552.92 | 24328.5 
177 | 31329 | 5545233 | 13.3041 | 5.6147 | 2.24797 | 5.64972 | 556.06 | 24605.7 
178 | 81684 | 5639752 | 13.3417 | 5.6252 | 2.25042 | 5.61798 | 559.20 | 24884.6 
179 | 32041 | 5735339 | 13.3791 | 5.6357 | 2.25285 | 5.58659 | 562.35 | 25164.9 


180 | 32400 | 5832000 | 13.4164 | 5.6462 | 2.25527 | 5.55556 | 565.49 | 25446.9 
181 | 32761 | 5929741 | 13.4536 | 5.6567 | 2.25768 | 5.52486 | 568.63 | 25730.4 
182 | 33124 | 6028568 | 13.4907 | 5.6671 | 2.26007 | 5.49451 | 571.77 | 26015.5 
183 | 33489 | 6128487 | 13.5277 | 5.6774 | 2.26245 | 5.46448 | 574.91 | 26302.2 
184 | 33856 | 6229504 | 13.5647 | 5.6877 | 2.26482 | 5.43478 | 578.05 | 26590.4 
185 | 34225 | 6331625 | 13.6015 | 5.6980 | 2.26717 | 5.40541 | 581.19 | 26880.3 
186 | 34596 | 6434856 | 13.6382 | 5.7083 | 2.26951 | 5.37634 | 584.34 | 27171.6 
187 | 34969 | 6539203 | 13.6748 | 5.7185 | 2.27184 | 5.34759 | 587.48 | 27464.6 
188 | 35344 | 6644672 | 13.7113 | 5.7287 | 2.27416 | 5.31915 | 590.62 | 27759.1 
189 | 35721 | 6751269 | 13.7477 | 5.7388 | 2.27646 | 5.29101 | 593.76 | 28055.2 


190 | 36100 | 6859000 | 13.7840 | 5.7489 | 2.27875 | 5.26316 | 596.90 | 28352.9 
191 | 36481:| 6967871 | 13.8203 | 5.7590 | 2.28103 | 5.23560 | 600.04 | 28652.1 
192 | 36864 | 7077888 | 13.8564 | 5.7690 | 2.28330 | 5.20833 | 603.19 | 28952.9 
193 | 37249 | 7189057 | 13.8924 | 5.7790 | 2.28556 | 5.18135 | 606.33 | 29255.3 
194 | 37636 | 7301384 | 13.9284 | 5.7890 | 2.28780 | 5.15464 | 609.47 | 29559.2 
195 | 38025 | 7414875 | 13.9642 | 5.7989 | 2.29003 | 5.12821 | 612.61 | 29864.8 
196 | 38416 | 7529536 | 14.0000 | 5.8088 | 2.29226 | 5.10204 | 615.75 | 30171.9 
197 | 38809 | 7645373 | 14.0357 | 5.8186 | 2.29447 | 5.07614 | 618.89 | 30480.5 
“198 | 39204 | 7762392 | 14.0712 | 5.8285 | 2.29667 | 5.05051 | 622.04 | 30790.7 
199 | 39601 | 7880599 | 14.1067 | 5.8383 | 2.29885 | 5.02513 | 625.13 | 31102.6 
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| No.= Diameter 


Square Cube eee Logarithm 


Circum. Area 


40000 | 8000000 | 14.1421 | 5. 2.30103 | 5. 628.32 | 31415.9 
40401 | 8120601 | 14.1774 | 5. 2.30320 | 4.97512 | 631.46 | 31730.9 
40804 | 8242408 | 14.2127 | 5. 2.30535 | 4.9% 634.60 | 32047.4 
41209 | 8365427 | 14.2478 | 5. 2.30750 | 4. 637.74 | 32365.5 
41616 | 8489664 | 14.2829 | 5. 2.30963 | 4. 640.88 | 32685.1 
42025 | 8615125] 14.3178 | 5. 2.31175 | 4.5 644.03 | 33006.4 
42436 | 8741816] 14.3527 | 5. : 85 647.17 | 33329.2 
42849 | 8869743 | 14.3875 | 5.915 3: 650.31 | 33653.5 
43264 | 8998912 | 14.4222 | 5.9: x : 653.45 | 33979.5 
43681 | 9129329 14.4568 | 5. F 4.78469 | 656.59 | 34307.0 


44100 | 9261000} 14.4914 | 5. * 4.76190 | 659.73 | 34636.1 
44521 | 9393931 | 14.5258 | 5. 3245 4.73934 | 662.88 | 34966.7 
44944 | 9528128] 14.5602 | 5.96: é ‘ 4.71698 | 666.02 | 35298.9 
45369 | 9663597 | 14.5945 | 5.97: 328% 4.69484 | 669.16 | 35632.7 
45796 | 9800344 | 14.6287 | 5. de 4.67290 | 672.30 | 35968.1 
46225 | 9938375 | 14.6629 | 5. ‘ 4 4.65116 | 675.44 | 36305.0 
46656 | 10077696 | 14.6969 | 6. 334 4.62963 | 678.58 | 36643.5 
47089 | 10218313 | 14.7309 | 6. : 4.60829 | 681.73 | 36983.6 
47524 | 10360232 | 14.7648 | 6. 2.33846 | 4.58716 | 684.87 | 37325.3 
47961 | 10503459 | 14.7986 | 6. 2.34044 | 4.56621 | 688.01 | 37668.5 


48400 | 10648000 | 14.8324 | 6. 2.34242 | 4.54545 | 691.15 | 38013.3 
48841 | 10793861 | 14.8661 | 6. 2.34439 | 4.52489 | 694.29 | 38359.6 
49284 | 10941048 | 14.8997 | 6. 2.34635 | 4.50450 | 697.43 | 38707.6 
49729 | 11089567 | 14.9332 | 6. 2.34830 | 4.48430 | 700.58 | 39057.1 
50176 | 11239424 | 14.9666 | 6. 2 | 2.35025 | 4.46429 | 703.72 | 39408.1 
50625 | 11390625 | 15.0000 | 6.08: 2.35218 | 4.44444 | 706.86 | 39760.8 
51076 | 11543176 | 15.0333 | 6. 2.35411 | 4.42478 | 710.00 | 40115.0 
51529 | 11697083 | 15.0665 | 6.1002 | 2.35603 | 4.40529 | 713.14 | 40470.8 
51984 | 11852352 | 15.0997 | 6,1091 | 2.35793 | 4.38596 | 716.28 | 40828.1 
52441 | 12008989 | 15.1327 | 6.1180 | 2.35984 | 4.36681 | 719.42 | 41187.1 


52900 | 12167000 | 15.1658 | 6.1269 | 2.36173 | 4.34783 | 722.57 | 41547.6 
53361 | 12326391 | 15.1987 | 6.1358 | 2.36361 | 4.32900 | 725.71 | 41909.6 
53824 | 12487168 | 15.2315 | 6.1446 | 2.36549 | 4.31034 | 728.85 | 42273.3 
54289 | 12649337 | 15.2643 | 6.1534 | 2.36736 | 4.29185 | 731.99 | 42638.5 
54756 | 12812904 | 15.2971 | 6.1622 | 2.36922 | 4.27350 | 735.13 | 43005.3 
55225 | 12977875 | 15.3297 | 6.1710 | 2.37107 | 4.25532 | 738.27 | 43373.6 
55696 | 13144256 | 15.3623 | 6.1797 | 2.37291 | 4.23729 | 741.42 | 43743.5 
56169 | 13312053 | 15.3948 | 6.1885 | 2.37475 | 4.21941 | 744.56 | 44115.0 
56644 | 13481272] 15.4272 | 6.1972 | 2.37658 | 4.20168 | 747.70 | 44488.1 
57121 | 13651919 | 15.4596 | 6.2058 | 2.37840 | 4.18410 | 750.84 | 44862.7 


57600 | 13824000 | 15.4919 | 6.2145 | 2.38021 | 4.16667 | 753.98 | 45238.9 
58081 | 13997521 | 15.5242 | 6.2231 | 2.38202 | 4.14938 | 757.12 | 45616.7 
58564 | 14172488 | 15.5563 | 6.2317 | 2:38382 | 4.13223 | 760.27 | 45996.1 
59049 | 14348907 | 15.5885 | 6.2403 | 2.38561 | 4.11523 | 763.41 | 46377.0 
59536 | 14526784 | 15.6205 | 6.2488 | 2.38739 | 4.09836 | 766.55 | 46759.5 
60025 | 14706125 | 15.6525 | 6.2573 | 2.38917 | 4.08163 | 769.69 | 47143.5 
60516 | 14886936 | 15.6844 | 6.2658 | 2.39094 | 4.06504 | 772.83 | 47529.2 
61009 | 15069223 | 15.7162 | 6.2743 | 2.39270 | 4.04858 | 775.97 | 47916.4 
61504 | 15252992 | 15.7480 | 6.2828 | 2.39445 | 4.03226 |-779.12 | 48305.1 
62001 | 15438249 | 15.7797 | 6.2912 | 2.39620 | 4.01606 | 782.26 | 48695.5 
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MATHEMATICAL TABLES 


No. 


Square 


Cube 


Square 
Root 


Cubie 
Root 


Logarithm 


1000 


x 
Reciprocal 


No. = Diameter 


Circum. 


Area, 


250 
251 
252 
253 
254 
255 
256 
257 
258 
259 


260 
261 
262 
263 
264 
265 
266 
267 
268 
269 


270 
271 
272 
273 
274 
275 
276 
277 
278 
279 


280 
281 
282 
283 
284 
285 
286 
287 
288 
289 


290 
291 
292 
293 
294 
295 
296 
297 
298 
299 


62500 
63001 
63504 
64009 
64516 
65025 
65536 
66049 
66564 
67081 


67600 
68121 
68644 
69169 
69696 
70225 
70756 
71289 
71824 
72361 


72900 
73441 
73984 
74529 
75076 
75625 
76176 
76729 
77284. 
77841 


78400 
78961 
79524. 
80089 
80656 
81225 
81796 
82369 
82944 
83521 


84100 
84681 
85264 
85849 
86436 
87025 
87616 
$8209 
88804 
89401 


15625000 
15813251 
16003008 
16194277 
16387064 
16581375 
16777216 
16974593 
17173512 
17373979 


17576000 
17779581 
17984728 
18191447 
18399744 
18609625 
18821096 
19034163 
19248832 
19465109 


19683000 
19902511 
20123648 
20346417 
20570824 
20796875 
21024576 
21253933 
21484952 
21717639 


21952000 
22188041 
22425768 
22665187 
22906304 
23149125 
23393656 
23639903 
23887872 
24137569 


24389000 
24642171 
24897088 
25153757 
25412184 
25672375 
25934336 
26198073 
26463592 
26730899 


15.8114 
15.8430 
15.8745 
15.9060 
15.9374 
15.9687 
16.0000 
16.0312 
16.0624 
16.0935 


16.1245 
16.1555 
16.1864 
16.2173 
16.2481 
16.2788 
16.3095 
16.3401 
16.3707 
16.4012 


16.4317 
16.4621 
16.4924 


16.5227 
16.5529 
16.5831 
16.6132 
16.6433 
16.6733 
16.7033 


16.7332 
16.7631 
16.7929 
16.8226 
16.8523 
16.8819 
16.9115 
16.9411 
16.9706 
17.0000 


17.0294 
17.0587 
17.0880 
17.1172 
17.1464 
17.1756 
17.2047 
17.2337 
17.2627 
17.2916 


6.2996 
6.3080 
6.3164 
6.3247 
6.3330 
6.3413 
6.3496 
6.3579 
6.3661 
6.3743 


6.3825 
6.3907 
6.3988. 
6.4070 
6.4151 
6.4232 
6.4312 
6.4393 
6.4473 
6.4553 


6.4633 
6.4713 
6.4792 
6.4872 
6.4951 
6.5030 
6.5108 
6.5187 
6.5265 
6.5343 


6.5421 
6.5499 
6.5577 
6.5654 
6.5731 
6.5808 
6.5885 
6.5962 
6.6039 
6.6115 


6.6191 
6.6267 
6.6343 
6.6419 
6.6494 
6.6569 
6.6644 
6.6719 
6.6794 
6.6869 
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2.39794 
2.39967 
2.40140 
2.40312 
2.40483 
2.40654 
2.40824 
2.40993 
2.41162 
2.41330 


2.41497 
2.41664 
2.41830 
2.41996 
2.42160 
2.42325 
2.42488 
2.42651 
2.42813 
2.42975 


2.43136 
2.43297 
2.43457 
2.43616 
2.43775 
2.43933 
2.44091 
2.44248 
2.44404 
2.44560 


2.44716 
2.44871 
2.45025 
2.45179 
2.45332 
2.45484 
2.45637 
2.45788 
2.45939 
2.46090 


2.46240 
2.46389 
2.46538 
2.46687 
2.46835 
2.46982 
2.47129 
2.47276 
2.47422 
2.47567 


4.00000 
3.98406 
3.96825 
3.95257 
3.93701 
3.92157 
3.90625 
3.89105 
3.87597 
3.86100 


3.84615 
3.83142 
3.81679 
3.80228 
3.78788 
3.77358 
3.75940 
3.74532 
3.73134 
3.71747 


3.70370 
3.69004. 
3.67647 
3.66300 
3.64964 
3.63636 
3.62319 
3.61011 
3.59712 
3.58423 


3.57143 
3.55872 
3.54610 
3.53357 
3.52113 
3.50877 
3.49650 
3.48432 
3.47222 
3.46021 


3.44828 
3.43643 
3.42466 
3.41297 
3.40136 
3.38983 
3.37838 
3.36700 
3.35570 
3.34448 


785.40 
788.54 
791.68 
794.82 
797.96 
801.11 
804.25 
807.39 
810.53 
813.67 


816.81 
819.96 
823.10 
826.24 
829.38 
832.52 
835.66 
838.81 
841.95 
845.09 


848.23 
851.37 
854.51 
857.65 
860.80 
863.94 
867.08 
870.22 
873.36 
876.50 


879.65 
882.79 
885.93 
889.07 
892.21 
895.35 
898.50 
901.64 
904.78 
907.92 


911.06 
914.20 
917.35 
920.49 
923.63 
926.77 
929.91 
933.05 
936.19 
939.34 


49087.4 
49480.9 
49875.9 
50272.6 
50670.7 
51070.5 
51471.9 
51874.8 
52279.2 
52685.3 


53092.9 
53502.1 
53912.9 
54325.2 
54739.1 
55154.6 
55571.6 
55990.2 
56410.4 
56832.2 


57255.5 
57680.4 
58106.9 
58534.9 
58964.6 
59395.7 
59828.5 
60262.8 
60698.7 
61136.2 


61575.2 
62015.8 
62458.0 
62901.8 
63347.1 
63794.0 
64242.4 
64692.5 
65144.1 
65597.2 


66052.0 
66508.3 
66966.2 
67425.6 
67886.7 
68349.3 
68813.4 
69279.2 
69746.5 
70215.4 
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| | No.=Diamet 
Square Cubic 1600 | eee area 


Square Cube | Root Root Logarithm | 


{ 


% 
|Reciprocal| Circum. Area 


90000 | 27000000 | 17.3205 | 6.6943 | 2.47712 3.33333 | 942.48 | 70685.8 
90601 | 27270901 | 17.3494 | 6.7018 | 2.47857 | 3.32226 | 945.62 | 71157.9 
91204 | 27543608 | 17.3781 | 6.7092 | 2.48001 | 3.31126 | 948.76 | 71631.5 
91809 | 27818127 | 17.4069 | 6.7166 | 2.48144 | 3.30033 | 951.90 | 72106.6 
92416 | 28094464 | 17.4356 | 6.7240 | 2.48287 | 3.28947 | 955.04 | 72583.4 
93025 | 28372625 | 17.4642 | 6.7313 | 2.48430 | 3.27869 | 958.19 | 73061.7 
93636 | 28652616 | 17.4929 | 6.7387 | 2.48572 | 3.26797 | 961.33 | 73541.5 
94249 | 28934443 | 17.5214 | 6.7460 | 2.48714 | 3.25733 | 964.47 | 74023.0 
94864 | 29218112 | 17.5499 | 6.7533 | 2.48855 | 3.24675 | 967.61 | 74506.0 
95481 | 29503629 | 17.5784. | 6.7606 | 2.48996 | 3.23625 | 970.75 | 74990.6 


96100 | 29791000 | 17.6068 | 6.7679 | 2.49136 | 3.22581 | 973.89 | 75476.8 
96721 | 30080231 | 17.6352 | 6.7752 | 2.49276 | 3.21543 | 977.04 | 75964.5 
97344 | 30371328 | 17.6635 | 6.7824 | 2.49415 | 3.20513 | 980.18 | 76453.8 
97969 | 30664297 | 17.6918 | 6.7897 | 2.49554 | 3.19489 | 983.32 | 76944.7 
98596 | 30959144 | 17.7200 | 6.7969 | 2.49693 | 3.18471 | 986.46 | 77437.1 
99225 | 31255875 | 17.7482 | 6.8041 | 2.49831 | 3.17460 | 989.60 | 77931.1 
99856 | 31554496 | 17.7764 | 6.8113 | 2.49969 | 3.16456 | 992.74 | 78426.7 
100489 | 31855013 | 17.8045 | 6.8185 | 2.50106 | 3.15457 | 995.88 | 78923.9 
101124 | 32157432 | 17.8326 | 6.8256 | 2.50243 | 3.14465 | 999.03 | 79422.6 
101761 | 32461759 | 17.8606 | 6.8328 | 2.50379 | 3.13480 | 1002.2 | 79922.9 


102400 | 32768000 | 17.8885 | 6.8399 | 2.50515 | 3.12500 | 1005.3 | 80424.8 
103041 | 33076161 | 17.9165 | 6.8470 | 2.50651 | 3.11526 | 1008.5 | 80928.2 
103684 | 33386248 | 17.9444 | 6.8541 | 2.50786 | 3.10559 | 1011.6 | 81433.2 
104329 | 33698267 | 17.9722 | 6.8612 | 2.50920 | 3.09598 | 1014.7 | 81939.8 
104976 | 34012224 | 18.0000 | 6.8683 | 2.51055 | 3.08642 | 1017.9 | 82448.0 
105625 | 34528125 | 18.0278 | 6.8753 | 2.51188 | 3.07692 | 1021.0 | 82957.7 
106276 | 34645976 | 18.0555 | 6.8824 | 2.51322 | 3.06749 | 1024.2 | 83469.0 
106929 | 34965783 | 18.0831 | 6.8894 | 2.51455 | 3.05810 | 1027.3 | 83981.8 
107584 | 35287552 | 18.1108 | 6.8964 | 2.51587 | 3.04878 | 1030.4 | 84496.3 
108241 | 35611289 | 18.1384 | 6.9034 | 2.51720 | 3.03951 | 1033.6 | 85012.3 


108900 | 35937000 | 18.1659 | 6.9104 | 2.51851 | 3.03030 | 1036.7 | 85529.9 
109561 | 36264691 | 18.1934 | 6.9174 | 2.51983 | 3.02115 | 1039.9 | 86049.0 
110224 | 36594368 | 18.2209 | 6.9244 | 2.52114 | 3.01205 | 1043.0 | 86569.7 
110889 | 36926037 | 18.2483 | 6.9313 | 2.52244 | 3.00300 | 1046.2 | 87092.0 
111556 | 37259704 | 18.2757 | 6.9382 | 2.52375 | 2.99401 | 1049.3 | 87615.9 
112225 | 37595375 | 18.3030 | 6.9451 | 2.52504 | 2.98507 | 1052.4 | 88141.3 
112896 | 37933056 | 18.3303 | 6.9521 | 2.52634 | 2.97619 | 1055.6 | 88668.3 
113569 | 38272753 | 18.3576 | 6.9589 | 2.52763 | 2.96736 | 1058.7 | 89196.9 
114244 | 38614472 | 18.3848 | 6.9658 | 2.52892 | 2.95858 | 1061.9 | 89727.0 
114921 | 38958219 | 18.4120 | 6.9727 | 2.53020 | 2.94985 | 1065.0 | 90258.7 


115600 | 39304000 | 18.4391 | 6.9795 | 2.53148 | 2.94118 | 1068.1 | 90792.0 
116281 | 39651821 | 18.4662 | 6.9864 | 2.53275 | 2.93255 | 1071.3 | 91326.9 
116964 | 40001688 | 18.4932 | 6.9932 | 2.53403 | 2.92398 | 1074.4 | 91863.3 
117649 | 40353607 | 18.5203 | 7.0000 | 2.53529 | 2.91545 | 1077.6 | 92401.3 
118336 | 40707584 | 18.5472 | 7.0068 | 2.53656 | 2.90698 | 1080.7 | 92940.9 
119025 | 41063625 | 18.5742 | 7.0136 | 2.53782 | 2.89855 | 1083.8 | 93482.0 
119716 | 41421736 | 18.6011 | 7.0203 | 2.53908 | 2.89017 | 1087.0 | 94024.7 
120409 | 41781923 | 18.6279 | 7.0271 | 2.54033 | 2.88184 | 1090.1 | 94569.0 
121104 | 42144192 | 18.6548 | 7.0338 | 2.54158 | 2.87356 | 1093.3 | 95114.9 
121801 | 42508549 ! 18.6815 | 7.0405 | 2.54283 | 2.86533! 1096.4 | 95662.3 
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Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


is 
Reciprocal 


No. =Diameter 


Circum. 


Area 


122500 
123201 
123904 
124609 
125316 
126025 
126736 
127449 
128164 
128881 


129600 
130321 
131044 
131769 
132496 
133225 
133956 
134689 
135424 
136161 


136900 
137641 
138384 
139129 
139876 
140625 
141376 
142129 
142884 
143641 


144400 
145161 
145924 
146689 
147456 
148225 
148996 
149769 
150544 
151321 


152100 
152881 
153664 
154449 
155236 
156025 
156816 
157609 
158404 
159201 


42875000 
43243551 
43614208 
43986977 
44361864 
44738875 
45118016 
45499293 
45882712 
46268279 


46656000 
47045881 
47437928 
47832147 
48228544 
48627125 
49027896 
49430863 
49836032 
50243409 


50653000 
51064811 
51478848 
51895117 
52313624 
52734375 
53157376 
53582633 
54010152 
54439939 


54872000 
55306341 
55742968 
56181887 
56623104 
57066625 
57512456 
57960603 
58411072 
58863869 


59319000 
59776471 
60236288 
60698457 
61162984 
61629875 
62099136 
62570773 
63044792 
63521199 


18.7083 
18.7350 
18.7617 
18.7883 
18.8149 
18.8414 
18.8680 
18.8944 
18.9209 
18.9473 


18.9737 
19.0000 
19.0263 
19.0526 
19.0788 
19.1050 
19.1311 
19.1572 
19.1833 
19.2094 


19.2354 
19.2614 
19.2873 
19.3132 
19.3391 
19.3649 
19.3907 
19.4165 
19.4422 
19.4679 


19.4936 
19.5192 
19.5448 
19.5704 
19.5959 
19.6214 
19.6469 
19.6723 
19.6977 
19.7231 


19.7484 
19.7737 
19.7990 


19.8242 | 


19.8494 
19.8746 
19.8997 
19.9249 
19.9499 
19.9750 


7.0473 
7.0540 
7.0607 
7.0674 
7.0740 
7.0807 
7.0873 
7.0940 
7.1006 
7.1072 


7.1138 
7.1204 
7.1269 
7.1335 
7.1400 
7.1466 
7.1531 
7.1596 
7.1661 
7.1726 


ATOR 
7.1855 
7.1920 
7.1984 
7.2048 
7.2112 
7.2177 
7.2240 
7.2304 
7.2368 


7.2432 
7.2495 
7.2558 
7.2622 
7.2685 
7.2748 
7.2811 
7.2874 
7.2936 
7.2999 


7.3061 
7.3124 
7.3186 
7.3248 
7.3310 
7.3372 
7.3434 
7.3496 
7.3558 
7.3619 


381 


2.54407 
2.54531 
2.54654 
2.54777 
2.54900 
2.55023 
2.55145 
2.55267 
2.55388 
2.55509 


2.55630 
2.55751 
2.55871 
2.55991 
2.56110 
2.56229 
2.56348 
2.56467 
2.56585 
2.56703 


2.56820 
2.56937 
2.57054 
2.57171 
2.57287 
| 2.57403 
2.57519 
2.57634 
2.57749 
2.57864 


2.57978 
2.58093 
2.58206 
2.58320 
2.58433 
2.58546 
2.58659 
2.58771 
2.58883 
2.58995 


2.59106 
2.59218 
2.59329 
2.59439 
2.59550 
2.59660 
2.59770 
2.59879 
2.59988 
2.60097 


2.85714 
2.84900 
2.84091 
2.83286 
2.82486 
2.81690 
2.80899 
2.80112 
2.79330 
2.78552 


2.77778 
2.77008 
2.76243 
2.75482 
2.74725 
2.73973 
2.73224 
2.72480 
2.71739 
2.71003 


2.70270 
2.69542 
2.68817 
2.68097 
2.67380 
2.66667 
2.65957 
2.65252 
2.64550 
2.63852 


2.63158 
2.62467 
2.61780 
2.61097 
2.60417 
2.59740 
2.59067 
2.58398 
2.57732 
2.57069 


2.56410 
2.55754 
2.55102 
2.54453 
2.53807 
2.53165 
2.52525 
2.51889 
2.51256 
2.50627 


1099.6 
1102.7 
1105.8 
1109.0 
1112.1 
1115.3 
1118.4 
1121.5 
1124.7 
1127.8 


1131.0 
1134.1 
1137.3 
1140.4 
1143.5 
1146.7 
1149.8 
1153.0 
1156.1 
1159.2 


1162.4 
1165.5 
1168.7 
1171.8 
1175.0 
1178.1 
1181.2 
1184.4 
1187.5 
1190.7 


1193.8 
1196.9 
1200.1 
1203.2 
1206.4 
1209.5 
1212.7 
1215.8 
1218.9 
1222.1 


1225.2 
1228.4 
1231.5 
1234.6 
1237.8 
1240.9 
1244.1 
1247.2 
1250.4 
1253.5 


96211.3 
96761.8 
97314.0 
97867.7 
98423.0 
98979.8 
99538.2 

100098 

100660 

101223 


101788 
102354 
102922 
103491 
104062 
104635 
105209 
105785 
106362 
106941 


107521 
108103 
108687 
109272 
109858 
110447 
111036 
111628 
112221 
112815 


113411 
114009 
114608 
115209 
115812 
116416 
117021 
117628 
118237 
118847 


119459 
120072 
120687 
121304 
121922 
122542 
123163 
123786 
124410 
125036 
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Square 


Cube 


Square 
Root 


Cubie 
Root 


Logarithm 


1000 


x | 
Reciprocal 


No.==Diameter 


Area 


160000 
160801 
161604 
162409 
163216 
164025 
164836 
165649 
166464 
167281 


168100 
168921 
169744 
170569 
171396 
172225 
173056 
173889 
174724 
175561 


176400 
177241 
178084 
178929 
179776 
180625 
181476 
182329 
183184 
184041 


184900 
185761 
186624 
187489 
188356 
189225 
190096 
190969 
191844 
192721 


193600 
194481 
195364 
196249 
197136 
198025 
198916 
| 199809 
200704 
201601 


64000000 
64481201 
64964808 
65450827 
65939264 
66430125 
66923416 
67419143 
67917312 
68417929 


68921000 
69426531 
69934528 
70444997 
70957944 
71473375 
71991296 
72511713 
73034632 
73560059 


74088000 
74618461 
75151448 
75686967 
76225024 
76765625 
77308776 
77854483 
78402752 
78953589 


79507000 
80062991 
80621568 
81182737 
81746504 
82312875 
82881856 
83453453 
84027672 
84604519 


85184000 
85766121 
86350888 
86938307 
87528384 
88121125 
88716536 
89314623 
89915392 
90518849 


20.0000 
20.0250 
20.0499 
20.0749 
20.0998 
20.1246 
20.1494 
20.1742 
20.1990 
20.2237 


20.2485 
20.2731 
20.2978 
20.3224 
20.3470 
20.3715 
20.3961 
20.4206 
20.4450 
20.4695 


20.4939 
20.5183 
20.5426 
20.5670 
20.5913 
20.6155 
20.6398 
20.6640 
20.6882 
20.7123 


20.7364 
20.7605 
20.7846 
20.8087 
20.8327 
20.8567 
20.8806 
20.9045 
20.9284 
20.9523 


20.9762 
21.0000 
21.0238 
21.0476 
21.0713 
21.0950 
21.1187 
21.1424 
21.1660 
21.1896 


7.3681 
7.3742 
7.3803 
7.3864 
7.3925 
7.3986 
7.4047 
7.4108 
7.4169 
7.4229 


7.4290 
7.4350 
7.4410 
7.4470 
7.4530 
7.4590 
7.4650 
7.4710 
7.4770 
7.4829 


7.4889 
7.4948 
7.5007 
7.5067 
7.5126 
7.5185 
7.5244 
7.5302 
7.5361 
7.5420 


7.5478 
7.5537 
7.5595 
7.5654 
7.5712 
7.5770 
7.5828 
7.5886 
7.5944 
7.6001 


7.6059 
7.6117 
7.6174 
7.6232 
7.6289 
7.6346 
7.6403 
7.6460 
7.6517 
7.6574 


382 


2.60206 | 


2.60314 
2.60423 
2.60531 
2.60638 


2.60746 | 
2.60853 | 
2.60959 


2.61066 
2.61172 


2.61278 
2.61384 
2.61490 
2.61595 
2.61700 
2.61805 
2.61909 
2.62014 
2.62118 
2.62221 


2.62325 
2.62428 
2.62531 
2.62634 
2.62737 
2.62839 
2.62941 
2.63043 
2.63144 
2.63246 


2.63347 
2.63448 
2.63548 
2.63649 
2.63749 
2.63849 
2.63949 
2.64048 
2.64147 
2.64246 


2:64345 
2.64444 
2.64542 
2.64640 
2.64738 
2.64836 
2.64933 
2.65031 
2.65128 
2.65225 


2.50000 
2.49377 
2.48756 
2.48139 
2.47525 
2.46914 
2.46305 | 
2.45700 
2.45098 
2.44499 


2.43902 
2.43309 
2.42718 
2.42131 
2.41546 
2.40964 
2.40385 
2.39808 
2.39234 
2.38663 


2.38095 
2.37530 
2.36967 
2.36407 
2.35849 
2.35294 
2.34742 
2.34192 
2.33645 
2.33100 


2.32558 
2.32019 
2.31481 
2.30947 
2.30415 
2.29885 
2.29358 
2.28833 
2.28311 
2.27790 


2.27273 
2.26757 
2.26244 
2.25734 
2.25225 
2.24719 
2.24215 
2.23714 
2.23214 
2.22717 


125664 
126293 
126923 
127556 
128190 
128825 
129462 
130100 
130741 
131382 


132025 
132670 
133317 
133965 
134614 
135265 
135918 
136572 
137228 
137885 


138544 
139205 
139867 
140531 
141196 
141863 
142531 
143201 
143872 
144545 


145220 
145896 
146574 
147254 
147934 
148617 
149301 
149987 
150674 
151363 


152053 
152745 
153439 
154134 
154830 
155528 
156228 
156930 
157633 
158337 


MATHEMATICAL TABLES 


FUNCTIONS OF 


Numsers, 450 ro 499 


Square 


Cube 


Square 
Root 


Cubie 
Root 


] 


Logarithm 


1000 


x 
Reciprocal 


No.=Diameter 


Circum. 


Area 


202500 
203401 
204304 
205209 
206116 
207025 
207936 
208849 
209764 
210681 


211600 
212521 
213444 
214369 
215296 
216225 
217156 
218089 
219024 
219961 


220900 
221841 
222784 
| 223729 
224676 
225625 
226576 
227529 
228484 
229441 


230400 
231361 
232324 
233289 
| 234256 
235225 
236196 
237169 
238144 
239121 


240100 
241081 
242064 
243049 
244036 
245025 
246016 
247009 
248004 
249001 


91125000 
91733851 
92345408 
92959677 
93576664 
94196375 
94818816 
95443993 
96071912 
96702579 


97336000 
97972181 
98611128 
99252847 
99897344 
100544625 
101194696 
101847563 
102503232 
103161709 


103823000 
104487111 
105154048 
105823817 
106496424 
107171875 
107850176 
108531333 
109215352 
109902239 


110592000 
111284641 
111980168 
112678587 
113379904 
114084125 
114791256 
115501303 
116214272 
116930169 


117649000 
118370771 
119095488 
119823157 
120553784 
121287375 
122023936 
122763473 
123505992 
124251499 


21.2132 
21.2368 
21.2603 
21.2838 
21.3073 
21.3307 
21.3542 
21.3776 
21.4009 
21.4243 


21.4476 
21.4709 
21.4942 
21.5174 
21.5407 
21.5639 
21.5870 
21.6102 
21.6333 
21.6564 


21.6795 
21.7025 
21.7256 
21.7486 
21.7715 
21.7945 
21.8174 
21.8403 
21.8632 
21.8861 


21.9089 
21.9317 
21.9545 
21.9773 
22.0000 
22.0227 
22.0454 
22.0681 
22.0907 
22.1133 


22.1359 
22.1585 
22.1811 
22.2036 
22.2261 
22.2486 
22.2711 
22.2935 
22.3159 
22.3383 


7.6631 
7.6688 
7.6744 
7.6801 
7.6857 
7.6914 
7.6970 
7.7026 
7.7082 
7.7138 


7.7194 
7.7250 
7.7306 
7.7362 
7.7418 
7.7473 
7.7529 
7.7584 
7.7639 
7.7695 


7.7750 
7.7805 
7.7860 
7.7915 
7.7970 
7.8025 
7.8079 
7.8134 
7.8188 
7.8243 


7.8297 
7.8352 
7.8406 
7.8460 
7.8514 
7.8568 
7.8622 
7.8676 
7.8730 
7.8784 


7.8837 


7.8891 | 


7.8944 
7.8998 
7.9051 
7.9105 
7.9158 
7.9211 
7.9264 
7.9317 


2.65321 
2.65418 
2.65514 
2.65610 
2.65706 
2.65801 
2.65896 
2.65992 
2.66087 
2.66181 


2.66276 
2.66370 
2.66464 
2.66558 
2.66652 
2.66745 
2.66839 
2.66932 
2.67025 
2.67117 


2.67210 
2.67302 
2.67394 
2.67486 
2.67578 
2.67669 
2.67761 
2.67852 
2.67943 
2.68034 


2.68124 
2.68215 
2.68305 
2.68395 
2.68485 
2.68574 
2.68664 
2.68753 
2.68842 
2.68931 


2.69020 
2.69108 
2.69197 
2.69285 
2.69373 
2.69461 
2.69548 
2.69636 
2.69723 
2.69810 


2.22222 
2.21729 
2.21239 
2.20751 
2.20264 
2.19780 
2.19298 
2.18818 
2.18341 
2.17865 


2.17391 
2.16920 
2.16450 
2.15983 
2.15517 
2.15054 
2.14592 
2.14133 
2.13675 
2.13220 


2.12766 
2.12314 
2.11864 
2.11416 
2.10970 
2.10526 
2.10084: 
2.09644 
2.09205 
2.08768 


2.08333 
2.07900 
2.07469 
2.07039 
2.06612 
2.06186 
2.05761 
2.05339 
2.04918 
2.04499 


2.04082 
2.03666 
2.03252 
2.02840 
2.02429 
2.02020 
2.01613 
2.01207 
2.00803 
2.00401 


1413.7 
1416.9 
1420.0 
1423.1 
1426.3 
1429.4 
1432.6 
1435.7 
1438.8 
1442.0 


1445.1 
1448.3 
1451.4 
1454.6 
1457.7 
1460.8 
1464.0 
“1467.1 
1470.3 
1473.4 


1476.5 
1479.7 
1482.8 
1486.0 
1489.1 
1492.3 
1495.4 
1498.5 
1501.7 
1504.8 


1508.0 
1511.1 
1514.2 
1517.4 
1520.5 
1523.7 
1526.8 
1530.0 
1533.1 
1536.2 


1539.4 
1542.5 
1545.7 
1548.8 
1551.9 
1555.1 
1558.2 
1561.4 
1564.5 
1567.7 


159043 
159751 
160460 
161171 
161883 
162597 
163313 
164030 
164748 
165468 


166190 
166914 
167639 
168365 
169093 
169823 
170554 
171287 
172021 
172757 


173494 
174234 
174974 
175716 
176460 
177205 
177952 
178701 
179451 
180203 


180956 
181711: 
182467 
183225 
183984 
184745 
185508 
186272 
187038 
187805 


188574 
189345 
190117 
190890 
191665 
192442 
193221 
194000 
194782 
195565 


CARNEGIE STEEL COMPANY 
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Square 


Cube 


| 


Square 
Root 


3 


Cubic 
Root 


Logarithm 


1000 


x 
Reciprocal 


| No.=Diameter 


| Cireum. 


Area 


250000 
251001 
252004 
253009 
254016 
255025 
256036 
257049 
258064 
259081 


260100 
261121 
262144 
263169 
264196 
265225 
266256 
267289 
268324 
269361 


270400 
271441 
272484 
273529 
274576 
275625 
276676 
277729 
278784 
279841 


280900 
281961 
283024. 
284089 
285156 
286225 
287296 
288369 
289444 
| 290521 


291600 
292681 
293764 
294849 
295936 
297025 
298116 
299209 
300304 
301401 


125000000 
125751501 
126506008 
127263527 
128024064 
128787625 
129554216 
130323843 
131096512 
131872229 


132651000 
133432831 
134217728 
135005697 
135796744 
136590875 
137388096 
138188413 
138991832 
139798359 


140608000 
141420761 
142236648 
143055667 
143877824 
144703125 
145531576 
146363183 
147197952 
148035889 


148877000 
149721291 
150568768 
151419437 
152273304 
1531303875 
153990656 
154854153 
155720872 
156590819 


157464000 
158340421 
159220088 
160103007 
160989184 
161878625 
162771336 
163667323 
164566592 
165469149 


22.3607 
22.3830 
22.4054 
22.4277 
22.4499 
22.4722 
22.4944 
22.5167 
22.5389 
22.5610 


22.5832 
22.6053 
22.6274 
22.6495 
22.6716 
22.6936 
22.7156 
22.7376 
22.7596 
22.7816 


22.8035 
22.8254 
22.8473 
22.8692 
22.8910 
22.9129 
22.9347 
22.9565 
22.9783 
23.0000 


23.0217 
23.0434 
23.0651 
23.0868 
23.1084 
23.1301 
23.1517 
23.1733 
23.1948 
23.2164 


23.2379 
23.2594 
23.2809 
23.3024 
23.3238 
23.3452 
23.3666 
23.3880 
23.4094 
23.4307 


7.9370 
7.9423 
7.9476 
7.9528 
7.9581 
7.9634 
7.9686 
7.9739 
7.9791 
7.9843 


7.9896 
7.9948 
8.0000 
8.0052 
8.0104 
8.0156 
8.0208 
8.0260 
8.0311 
8.0363 


8.0415 
8.0466 
8.0517 
8.0569 
8.0620 
8.0671 
8.0723 
8.0774 
8.0825 
8.0876 


8.0927 
8.0978 
8.1028 
8.1079 
8.1130 
8.1180 
8.1231 
8.1281 
8.1332 
+ 8.1382 


8.1433 
8.1483 
8.1533 
8.1583 
8.1633 
8.1683 
8.1733 
8.1783 
8.1833 
8.1882 


2.69897 
2.69984 
2.70070 
2.70157 
2.70243 
2.70329 
2.70415 
2.70501 
2.70586 
2.70672 


2.70757 
2.70842 
2.70927 
2.71012 
2.71096 
2.71181 
2.71265 
2.71349 
2.71433 
2.71517 


2.71600 
2.71684 
2.71767 
2.71850 
2.71933 
2.72016 
2.72099 
2.72181 
2.72263 
2.72346 


2.72428 
2.72509 
2.72591 
2.72673 
2.72754 
2.72835 
2.72916 
2.72997 
2.73078 
2.73159 


2.73239 
2.73320 
2.73400 
2.73480 
2.73560 
2.73640 
2.73719 
2.73799 
2.73878 
2.73957 


; 2.00000 
| 1.99601 
1.99203 
1.98807 
1.98413 
1.98020 
1.97628 
1.97239 
1.96850 
1.96464 


1.96078 
1.95695 
1.95312 
1.94932 
1.94553 


1.93798 
1.93424 


| 1.92678 


1.92308 
1.91939 
1.91571 
1.91205 
1.90840 
1.90476 
1.90114 
1.89753 
1.89394 
1.89036 


1.88679 
1.88324 
1.87970 
1.87617 
1.87266 
1.86916 
1.86567 
1.86220 
1.85874 
1.85529 


1.85185 
1.84843 
1.84502 
1.84162 
1.83824 
1.83486 
1.83150 
1.82815 
1.82482 
1.82149 


1570.8 
1573.9 
1577.1 
1580.2 
1583.4 
1586.5 


1592.8 
1595.9 
1599.1 


1602.2 
1605.4 
1608.5 
1611.6 
1614.8 


1.94175; 1617.9 


1621.1 
1624.2 


1.93050 | 1627.3 


1630.5 


1633.6 
1636.8 
1639.9 
1643.1 
1646.2 
1649.3 
1652.5 
1655.6 
1658.8 
1661.9 


1665.0 
1668.2 
1671.3 
1674.5 
1677.6 
1680.8 
1683.9 
1687.0 
1690.2 
1693.3 


1696.5 
1699.6 
1702.7 
1705.9 
1709.0 
1712.2 
1715.3 
1718.5 
1721.6 
1724.7 


1589.6 | 


196350 
197136 
197923 
198713 
199504 
200296 
201090 
201886 
202683 
203482 


204282 
205084 
205887 
206692 
207499 
208307 
209117 
209928 
210741 
211556 


212372 
213189 
214008 
214829 
215651 
216475 
217301 
218128 
218956 
219787 


220618 
221452 
222287 
223123 
223961 
224801 
225642 
226484 
227329 
228175 


229022 
229871 
230722 
231574 
232428 
233283 
234140 
234998 
235858 
236720 


MATHEMATICAL TABLES 


FUNCTIONS OF 


Numpers, 550 


To 599 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


rx 
Reciprocal 


No.=Diameter 


Circum. 


Area 


550 
551 
552 
553 
554 
555 
556 
557 
558 
559 


560 
561 
562 
563 
564 
565 
566 
567 
568 
569 


570 
571 
572 
573 
574 
575 
576 
577 
578 
579 


580 
581 
582 
583 
584 
585 
586 
587 
588 
589 


590 
591 
592 
593 
594 
595 
596 
597 
598 


302500 
303601 
304704 
305809 
306916 
308025 
309136 
310249 
311364 
312481 


313600 
314721 
315844 
316969 
318096 
319225 
320356 
321489 
322624 
323761 


324900 
326041 
327184 
328329 
329476 
330625 
331776 
332929 
334084 
335241 


336400 
337561 
338724 
339889 
341056 
342225 
343396 
344569 
345744 
346921 


348100 
349281 
350464 
351649 
352836 
354025 
355216 
356409 
357604 


599 | 358801 


166375000 
167284151 
168196608 
169112377 
170031464 
170953875 
171879616 
172808693 
173741112 
174676879 


175616000 
176558481 
177504328 
178453547 
179406144 
180362125 
181321496 
182284263 
183250432 
184220009 


185193000 
186169411 
187149248 
188132517 
189119224 
190109375 
191102976 
192100033 
193100552 
194104539 


195112000 
196122941 
197137368 
198155287 
199176704 
200201625 
201230056 
202262003 
203297472 
204336469 


205379000 
206425071 
207474688 
208527857 
209584584 
210644875 
211708736 
212776173 
213847192 
214921799 


23.4521 
23.4734 
23.4947 
23.5160 
23.5372 
23.5584 
23.5797 
23.6008 
23.6220 
23.6432 


23.6643 
23.6854 
23.7065 
23.7276 
23.7487 
23.7697 
23.7908 
23.8118 
23.8328 
23.8537 


23.8747 
23.8956 
23.9165 
23.9374 
23.9583 
23.9792 
24.0000 
24.0208 
24.0416 
24.0624 


24.0832 
24.1009 
24.1247 
24.1454 
24.1661 
24.1868 
24.2074 
24.2281 
24.2487 
24.2693 


24.2899 
24.3105 
24.3311 
24.3516 
24.3721 
24.3926 
24.4131 
24.4336 
24.4540 
24.4745 


8.1932 
8.1982 
8.2031 
8.2081 
8.2130 
8.2180 
8.2229 
8.2278 
8.2327 
8.2377 


8.2426 
8.2475 
8.2524 
8.2573 
8.2621 
8.2670 
8.2719 
8.2768 
8.2816 
8.2865 


8.2913 
8.2962 
8.3010 
8.3059 
8.3107 
8.3155 
8.3203 
8.3251 
8.3300 
8.3348 


8.3396 
8.3443 
8.3491 
8.3539 
8.3587 
8.3634 
8.3682 
8.3730 
8.3777 
8.3825 


8.3872 
8.3919 
8.3967 
8.4014 
8.4061 
8.4108 
8.4155 
8.4202 
8.4249 


8.4296 


385 


2.74036 
2.74115 
2.74194 
2.74273 
2.74351 
2.74429 
2.74507 
2.74586 
2.74663 
2.74741 


2.74819 
2.74896 
2.74974 
2.75051 
2.75128 
2.75205 
2.75282 
2.75358 
2.75435 
2.75511 


2.75587 
2.75664 
2.75740 
2.75815 
2.75891 
2.75967 
2.76042 
2.76118 
2.76193 
2.76268 


2.76343 
2.76418 
2.76492 
2.76567 
2.76641 
2.76716 
2.76790 
2.76864 
2.76938 
2.77012 


2.77085 
2.77159 
2.77232 
2.77305 
2.77379 
2.77452 
2.77525 
2.77597 
2.77670 
2.77743 


1.81818 
1.81488 
1.81159 
1.80832 
1.80505 
1.80180 
1.79856 
1.79533 
1.79211 
1.78891 


1.78571 
1.78253 
1.77936 
1.77620 
1.77305 
1.76991 
1.76678 
1.76367 
1.76056 
1.75747 


1.75439 
1.75131 
1.74825 
1.74520 
1.74216 
1.73913 
1.73611 
1.73310 
1.73010 
1.72712 


1.72414 
1.72117 
1.71821 
1.71527 
1.71233 
1.70940 
1.70648 
1.70358 
1.70068 
1.69779 


1.69492 
1.69205 
1.68919 
1.68634 
1.68350 
1.68067 
1.67785 
1.67504 
1.67224 
1.66945 


1727.9 
1731.0 
1734.2 
1737.3 
1740.4 
1743.6 
1746.7 
1749.9 
1753.0 
1756.2 


W59.3 
1762.4 
1765.6 
1768.7 
1771.9 
1775.0 
1778.1 
1781.3 
1784.4 
1787.6 


1790.7 
1793.8 
1797.0 
1800.1 
1803.3 
1806.4 
1809.6 
1812.7 
1815.8 
1819.0 


1822.1 
1825.3 
1828.4 
1831.6 
1834.7 
1837.8 
1841.0 
1844.1 
1847.3 
1850.4 


1853.5 
1856.7 
1859.8 
1863.0 
1866.1 
1869.2 
1872.4 
1875.5 
1878.7 
1881.8 


237583 
238448 
239314 
240182 
241051 
241922 
242795 
243669 
244545 
245422 


246301 
247181 
248063 
248947 
249832 
250719 
251607 
252497 
253388 
254281 


255176 
256072 
256970 
257869 
258770 
259672 
260576 
261482 
262389 
263298 


264208 
265120 
266033 
266948 
267865 
268783 
269703 
270624 
271547 
272471 


273397 
274325. 
275254 
276184 
277117 
278051 
278986 
279923 
280862 
281802 


CARNEGIE STEEL COMPANY 


Functions or Numsers 600 tro 649 


Square Cubic 1000 a 


Square | Root | Root 


5 
| Reciprocal | Cireum. Area 


360000 | 216000000 | 24.4949) 8.4343 | 2.77815 | 1.66667 | 1885.0 282743 
361201 | 217081801 | 24.5153 | 8.4390 | 2. 37 | 1.66389 | 1888.1 | 283687 
362404 | 218167208 | 24.5357 | 8.4437 | 2. 90 | 1.66113 | 1891.2 | 284631 
363609 | 219256227 | 24.5561 | 8.4484 | 2. ‘ 1.65837 | 1894.4 | 285578 
364816 | 220348864 | 24.5764 | 8.4530 | 2. 1.65563 | 1897.5 | 286526 
366025 | 221445125 | 24.5967 | 8.4577 | 2. 1.65289 | 1900.7 | 287475 
367236 | 222545016 | 24.6171 | 8.4623 | 2. 1.65017 | 1903.8 | 288426 
368449 | 223648543 | 24.6374 | 8.4670 | 2.78. 1.64745 | 1906.9 | 289379 
369664 | 224755712 | 24.6577 | 8.4716 | 2.783 1.64474 | 1910.1 | 290333 
370881 | 225866529 | 24.6779 | 8.4763 | 2.78462 | 1.64204 | 1913.2 | 291289 


372100 | 226981000 | 24.6982 | 8.4809 | 2.78533 | 1.63934 | 1916.4 | 292247 
373321 | 228099131 | 24.7184 | 8.4856 | 2.78604 | 1.63666 | 1919.5 | 293206 
374544 | 229220928 | 24.7386 | 8.4902 | 2.78675 | 1.63399 | 1922.7 | 294166 
375769 | 230346397 | 24.7588 | 8.4948 | 2.78746 | 1.63132 | 1925.8 | 295128 
376996 | 231475544 | 24.7790 | 8.4994 | 2.78817 | 1.62866 | 1928.9 | 296092 
378225 | 232608375 | 24.7992 | 8.5040 | 2.78888 | 1.62602 | 1932.1 | 297057 
379456 | 233744896 | 24.8193 | 8.5086 | 2.78958 | 1.62338 | 1935.2 | 298024 
380689 | 234885113 | 24.8395 | 8.5132 | 2.79029 | 1.62075 | 1938.4 | 298992 
381924 | 236029032 | 24.8596 | 8.5178 | 2.79099 | 1.61812 | 1941.5 | 299962 
383161 | 237176659 | 24.8797 | 8.5224 | 2.79169 | 1.61551 | 1944.6 | 300934 


384400 | 238328000 | 24.8998 | 8.5270 | 2.79239 | 1.61290 | 1947.8 | 301907 
385641 | 239483061 | 24.9199 | 8.5316 | 2.79309 | 1.61031 | 1950.9 | 302882 
386884 | 240641848 | 24.9399 | 8.5362 | 2.79379 | 1.60772 | 1954.1 | 303858 
388129 | 241804367 | 24.9600 | 8.5408 | 2.79449 | 1.60514 | 1957.2 | 304836 
389376 | 242970624 | 24.9800 | 8.5453 | 2.79518 | 1.60256 | 1960.4 | 305815 
390625 | 244140625 | 25.0000 | 8.5499 | 2.79588 | 1.60000 | 1963.5 | 306796 
391876 | 245314376 | 25.0200 | 8.5544 | 2.79657 | 1.59744 | 1966.6 | 307779 
393129 | 246491883 | 25.0400 | 8.5590 | 2.79727 | 1.59490 | 1969.8 | 308763 
394384 | 247673152 | 25.0599 | 8.5635 | 2.79796 | 1.59236 | 1972.9 | 309748 
395641 | 248858189 | 25.0799 | 8.5681 | 2.79865 | 1.58983 | 1976.1 | 310736 


396900 | 250047000 | 25.0998 | 8.5726 | 2.79934 | 1.58730 | 1979.2 | 311725 
398161 | 251239591 | 25.1197 | 8.5772 | 2.80003 | 1.58479 | 1982.3 | 312715 
399424 | 252435968 | 25.1396 | 8.5817 | 2.80072 | 1.58228 | 1985.5 | 313707 
400689 | 253636137 | 25.1595 | 8.5862 | 2.80140 | 1.57978 | 1988.6 | 314700 
401956 | 254840104 | 25.1794 | 8.5907 | 2.80209 | 1.57729 | 1991.8 | 315696 
403225 | 256047875 | 25.1992 | 8.5952 | 2.80277 | 1.57480 1994.9 | 316692 
404496 | 257259456 | 25.2190 | 8.5997 | 2.80346 | 1.57233 | 1998.1 | 317690 
405769 | 258474853 | 25.2389 | 8.6043 | 2.80414 | 1.56986 | 2001.2 | 318690 
407044 | 259694072 | 25.2587 | 8.6088 | 2.80482 | 1.56740 | 2004.3 | 319692 
408321 | 260917119 | 25.2784 | 8.6132 | 2.80550 | 1.56495 | 2007.5 | 320695 


409600 | 262144000 | 25.2982 | 8.6177 | 2.80618 | 1.56250 | 2010.6 | 321699 
410881 | 263374721 | 25.3180 | 8.6222 | 2.80686 | 1.56006 | 2013.8 | 322705 
412164 | 264609288 | 25.3377 | 8.6267 | 2.80754 | 1.55763 | 2016.9 | 323713 
413449 | 265847707 | 25.3574 | 8.6312 | 2.80821 | 1.55521 | 2020.0) 324722 
414736 | 267089984 | 25.3772 | 8.6357 | 2.80889 | 1.55280 | 2023.2 | 325733 
416025 | 268336125 | 25.3969 | 8.6401 | 2.80956 | 1.55039 | 2026.3 | 326745 
417316 | 269586136 | 25.4165 | 8.6446 | 2.81023 | 1.54799 | 2029.5 | 327759 
418609 | 270840023 | 25.4362 | 8.6490 | 2.81090 | 1.54560 | 2032.6 | 328775 
419904 | 272097792 | 25.4558 | 8.6535 | 2.81158 | 1.54321 | 2035.8 | 329792 
421201 | 273359449 | 25.4755 | 8.6579 | 2.81224 | 1.54083 | 2038.9 | 330810 


386 


MATHEMATICAL TABLE 


FUNCTIONS OF 


Numbers, 650 


To 699 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


x 
Reciprocal 


No.=Diameter 


Cireum. 


Area 


422500 
423801 
425104 
426409 
427716 
429025 
430336 
431649 
432964 
434281 


435600 
436921 
438244 
439569 
440896 
442225 
443556 
444889 
446224 
447561 


448900 
450241 
451584 
452929 
454276 
455625 
456976 
458329 
459684 
461041 


462400 
463761 
465124 
466489 
467856 
469225 
470596 
471969 
473344 
474721 


476100 
477481 
478864 
480249 
481636 
483025 
484416 
485809 
487204 
488601 


274625000 
275894451 
277167808 
278445077 
279726264 
281011375 
282300416 
283593393 
284890312 
286191179 


287496000 
288804781 
290117528 
291434247 
292754944 
294079625 
295408296 
296740963 
298077632 
299418309 


300763000 
302111711 
303464448 
304821217 
306182024 
307546875 
308915776 
310288733 
311665752 
313046839 


314432000 
315821241 
317214568 
318611987 
320013504 
321419125 
322828856 
324242703 
325660672 
327082769 


328509000 
329939371 
331373888 
332812557 
334255384 
335702375 
337153536 
338608873 
340068392 
341532099 


25.4951 
25.5147 
25.5343 
25.5539 
25.5734 
25.5930 
25.6125 
25.6320 
25.6515 
25.6710 


25.6905 
25.7099 
25.7294 
25.7488 
25.7682 
25.7876 
25.8070 
25.8263 
25.8457 
25.8650 


25.8844 
25.9037 
25.9230 
25.9422 
25,9615 
25.9808 
26.0000 
26.0192 
26.0384 
26.0576 


26.0768 
26.0960 
26.1151 
26.1343 
26.1534 
26.1725 
26.1916 
26.2107 
26.2298 
26.2488 


26.2679 
26.2869 
26.3059 
26.3249 
26.3439 
26.3629 
26.3818 
26.4008 
26.4197 
26.4386 


8.6624 
8.6668 
8.6713 
8.6757 
8.6801 
8.6845 
8.6890 
8.6934 
8.6978 
8.7022 


8.7066 
8.7110 
8.7154 
8.7198 
8.7241 
8.7285 
8.7329 
8.7373 
8.7416 
8.7460 


8.7503 
8.7547 
8.7590 
8.7634 
8.7677 
8.7721 
8.7764 
8.7807 
8.7850 
8.7893 


8.7937 
8.7980 
8.8023 
8.8066 
8.8109 
8.8152 
8.8194 
8.8237 
8.8280 
8.8323 


8.8366 
8.8408 
8.8451 
8.8493 
8.8536 
8.8578 
8.8621 
8.8663 
8.8706 
8.8748 


387 


2.81291 
2.81358 
2.81425 
2.81491 
2.81558 
2.81624 
2.81690 
2.81757 
2.81823 
2.81889 


2.81954 
2.82020 
2.82086 
2.82151 
2.82217 
2.82282 
2.82347 
2.82413 
2.82478 
2.82543 


2.82607 
2.82672 
2.82737 
2.82802 
2.82866 
2.82930 
2.82995 
2.83059 
2.83123 
2.83187 


2.83251 
2.83315 
2.83378 
2.83442 
2.83506 
2.83569 
2.83632 
2.83696 
2.83759 
2.83822 


2.83885 
2.83948 
2.84011 
2.84073 
2.84136 
2.84198 
2.84261 
2.84323 
2.84386 
2.84448 


1.53846 
1.53610 
1.53374 
1.53139 
1.52905 
1.52672 
1.52439 
1.52207 
1.51976 
1.51745 


1.51515 
1.51286 
1.51057 
1.50830 
1.50602 
1.50376 
1.50150 
1.49925 
1.49701 
1.49477 


1.49254 
1.49031 
1.48810 
1.48588 
1.48368 
1.48148 
1.47929 
1.47710 
1.47493 
1.47275 


1.47059 
1.46843 
1.46628 
1.46413 
1.46199 
1.45985 
1.45773 
1.45560 
1.45349 
1.45138 


1.44928 
1.44718 
1.44509 
1.44300 
1.44092 
1.43885 
1.43678 
1.43472 
1.43266 
1.43062 


2042.0 
2045.2 
2048.3 
2051.5 
2054.6 
2057.7 
2060.9 
2064.0 
2067.2 
2070.3 


2073.5 
2076.6 
2079.7 
2082.9 
2086.0 
2089.2 
2092.3 
2095.4: 
2098.6 
7101.7 


2104.9 
2108.0 
2111.2 
2114.3 
2117.4 
2120.6 
2123.7 
2126.9 
2130.0 
2133.1 


2136.3 
2139.4 
2142.6 
2145.7 
2148.8 
2152.0 
2155.1 
2158.3 
2161.4 
2164.6 


2167.7 
2170.8 
2174.0 
2177.1 
2180.3 
2183.4 
2186.5 
2189.7 
2192.8 
2196.0 


331831 
332853 
333876 
334901 
335927 
336955 
337985 
339016: 
340049) 
341084 


342119 
343157 
344196. 
345237 
346279 
347323 
348368 
349415 
350464 
351514 


352565 
353618 
354673 
355730 
356788 
357847 
358908 
359971 
361035 
362101 


363168 
364237 
365308 
366380 
367453 
368528 
369605 
370684 
371764 
372845 


373928 
375013: 
376099) 
377187 
378276 
379367 
380459) 
381553 
382649 
383746 


CARNEGIE STEEL COMPANY 


Functions or Numsers, 700 to 749 


Square 


Cube 


Square 
Root 


Cubie 
Root 


490000 
491401 
492804 
494209 
495616 
497025 
498436 
499849 
501264 
502681 


504100 
505521 
506944. 
508369 
509796 
511225 
512656 
514089 
515524 
516961 


518400 
519841 
521284 
522729 
524176 
525625 
527076 
528529 
529984 
531441 


532900 
534361 
535824 
537289 
538756 
540225 
541696 
543169 
544644 
546121 


547600 
549081 
550564 
552049 
553536 
555025 
556516 
558009 
559504 
561001 


343000000 
344472101 
345948408 
347428927 
348913664 
350402625 
351895816 
353393243 
354894912 
356400829 


357911000 
359425431 
360944128 
362467097 
363994344 
365525875 
367061696 
368601813 
370146232 
371694959 


373248000 
374805361 
376367048 
377933067 
379503424 
381078125 
382657176 
384240583 
385828352 
387420489 


389017000 
390617891 
392223168 
393832837 
395446904. 
397065375 
398688256 
400315553 
401947272 
403583419 


405224000 
406869021 
408518488 
410172407 
411830784 
413493625 
415160936 
416832723 
418508992 
420189749 


ray 
26.4575 
26.4764 
26.4953 
26.5141 
26.5330 
26.5518 
26.5707 
26.5895 
26.6083 
26.6271 


26.6458 
26.6646 
26.6833 
26.7021 
26.7208 
26.7395 
26.7582 
26.7769 
26.7955 
26.8142 


26.8328 
26.8514 
26.8701 
26.8887 
26.9072 
26.9258 
26.9444 
26.9629 
26.9815 
27.0000 


27.0185 
27.0370 
27.0555 
27.0740 
27.0924 
27.1109 
27.1293 
27.1477 
27.1662 
27.1846 


27.2029 
27.2213 
27.2397 
27.2580 
27.2764 
27.2947 
27.3130 
27.3313 
27.3496 
27.3679 


»8.8790 
8.8833 
8.8875 
8.8917 
8.8959 
8.9001 
8.9043 
8.9085 
8.9127 
8.9169 


8.9211 
8.9253 
8.9295 
8.9337 
8.9378 
8.9420 
8.9462 
8.9503 
8.9545 
8.9587 


8.9628 
8.9670 
8.9711 
8.9752 
8.9794 
8.9835 
8.9876 
8.9918 
8.9959 
9.0000 


9.0041 
9.0082 
9.0123 
9.0164 
9.0205 
9.0246 
9.0287 
9.0328 
9.0369 
9.0410 


9.0450 
9.0491 
9.0532 
9.0572 
9.0613 
9.0654 
9.0694. 
0.0735 
9.0775 
9.0816 


388 


Logarithm 


2.84510 
2.84572 
2.84634 
2.84696 
2.84757 
2.84819 
2.84880 
2.84942 
2.85003 
2.85065 


2.85126 
2.85187 
2.85248 
2.85309 
2.85370 
2.85431 
2.85491 
2.85552 
2.85612 
2.85673 


2.85733 
2.85794 
2.85854 
2.85914 
2.85974 
2.86034 
2.86094 
2.86153 
2.86213 
2.86273 


2.86332 
2.86392 
2.86451 
2.86510 
2.86570 
2.86629 
2.86688 
2.86747 
2.86806 
2.86864 


2.86923 
2.86982 
2.87040 
2.87099 
2.87157 
2.87216 
2.87274 
2.87332 
2.87390 
2.87448 


1090 
x 
Reciprocal 


1.42857 
1.42653 
1.42450 
1.42248 
1.42045 
1.41844 
1.41643 
1.41443 
1.41243 
1.41044 


1.40845 
1.40647 
1.40449 
1.40252 
1.40056 
1.39860 
1.39665 
1.39470 
1.39276 
1.39082 


1.38889 
1.38696 
1.38504 
1.38313 
1.38122 
1.37931 
1.37741 
1.37552 
1.37363 
1.37174 


1.36986 
1.36799 
1.36612 
1.36426 
1.36240 
1.36054 
1.35870 
1.35685 
1.35501 
1.35318 


1.35135 
1.34953 
1.34771 
1.34590 
1.34409 
1.34228 
1.34048 
1.33869 
1.33690 


1.33511 


| No.=Diameter 


Circum. Area 


2199.1 | 384845 
2202.3 | 385945 
2205.4 | 387047 
2208.5 | 388151 
2211.7 | 389256 
2214.8 | 390363 
2218.0 | 391471 
2221.1 | 392580 
2224.2 | 393692 
2227.4 | 394805 


2230.5 | 395919 
2233.7 | 397035 
2236.8 | 398153 
2240.0 | 399272 
2243.1 | 400393 
2246.2 | 401515 
2249.4 | 402639 
2252.5 | 403765 
2255.7 | 404892 
2258.8 | 406020 


2261.9 | 407150 
2265.1 | 408282 
2268.2 | 409415 
2271.4 | 410550 
2274.5 | 411687 
2277.7 | 412825 
2280.8 | 413965 
2283.9 | 415106 
2287.1 | 416248 
2290.2 | 417393 


2293.4 | 418539 
2296.5 | 419686 
2299.6 | 420835 
2302.8 | 421986 
2305.9 | 423138 
2309.1 | 424293 
2312.2 | 425447 
2315.4 | 426604 
2318.5 | 427762 
2321.6 | 428922 


2324.8 | 430084 
2327.9 | 431247 
2331.1 | 432412 
2334.2 | 433578 
2337.3 | 434746 
2340.5 | 435916 
2343.6 | 437087 
2346.8 | 438259 
2349.9 | 439433 
2353.1 | 440609 


FUNCTIONS OF 


MATHEMATICAL TABLES 


Noumpers, 750 to 799 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


x 
Reciprocal 


No.=Diameter 


Circum. 


Area 


562500 
564001 
565504 
567009 
568516 
570025 
571536 
573049 
574564 
576081 


577600 
579121 
580644 
582169 
583696 
585225 
586756 
588289 
589824 
591361 


'592900 
594441 
595984 
597529 
599076 
600625 
602176 
603729 
605284. 
606841 


608400 
609961 
611524 
613089 
614656 
616225 
617796 
619369 
620944 
622521 


624100 
625681 
627264 
628849 
630436 
632025 
633616 
635209 
636804 
638401 


421875000 
423564751 
425259008 
426957777 
428661064 
430368875 
432081216 
433798093 
435519512 
437245479 


438976000 
440711081 
442450728 
444194947 
445943744 
447697125 
449455096 
451217663 
452984832 
454756609 


456533000 
458314011 
460099648 
461889917 
463684824 
465484375 
467288576 
469097433 
470910952 
472729139 


474552000 
476379541 
478211768 
480048687 
481890304 
483736625 
485587656 
487443403 
489303872 
491169069 


493039000 
494913671 
496793088 
498677257 
500566184 
502459875 
504358336 
506261573 
508169592 
510082399 


27.3861 
27.4044 
27.4226 
27.4408 
27.4591 
27.4773 
27.4955 
27.5136 
27.5318 
27.5500 


27.5681 
27.5862 
27.6043 
27.6225 
27.6405 
27.6586 
27.6767 
27.6948 
27.7128 
27.7308 


27.7489 
27.7669 
27.7849 
27.8029 
27.8209 
27.8388 
27.8568 
27.8747 
27.8927 
27.9106 


27.9285 
27.9464 
27.9643 
27.9821 
28.0000 
28.0179 
28.0357 
28.0535 
28.0713 
28.0891 


28.1069 
28.1247 
28.1425 
28.1603 
28.1780 
28.1957 
28.2135 
28,2312 
28.2489 
28.2666 


9.0856 
9.0896 
9.0937 
9.0977 
9.1017 
9.1057 


9.1098 } 


9.1138 
9.1178 
9.1218 


9.1258 
9.1298 
9.1338 
9.1378 
9.1418 
9.1458 
9.1498 
9.1537 
9.1577 
9.1617 


9.1657 
9.1696 
9.1736 
9.1775 
9.1815 
9.1855 
9.1894 
9.1933 
9.1973 
9.2012 


9.2052 
9.2091 
9.2130 
9.2170 
9.2209 
9.2248 
9.2287 
9.2326 
9.2365 
9.2404 


9.2443 
9.2482 
9.2521 
9.2560 
9.2599 
9.2638 
9.2677 
9.2716 
9.2754 
9.2793 


"389 


2.87506 
2.87564 
2.87622 
2.87680 
2.87737 
2.87795 
2.87852 
2.87910 
2.87967 
2.88024 


2.88081 
2.838138 
2.88196 
2.88252 
2.88309 
2.88366 
2.88423 
2.88480 
2.88536 
2.88593 


2.88649 
2.88705 
2.88762 
2.883818 
2.88874 
2.88930 
2.88986 
2.89042 
2.89098 
2.89154 


2.89209 
2.89265 
2.89321 
2.89376 
2.89432 
2.89487 
2.89542 
2.89597 
2.89653 
2.89708 


2.89763 
2.89818 
2.89873 
2.89927 
2.89982 
2.90037 
2.90091 
2.90146 
2.90200 
2.90255 


1.33333 
1.33156 
1.32979 
1.32802 
1.32626 
1.32450 
1.32275 
1.32100 
1.31926 
1.31752 


1.31579 
1.31406 
1.31234 
1.31062 
1.30890 
1.30719 
1.30548 
1.30378 
1.30208 
1.30039 


1.29870 
1.29702 
1.29534 
1.29366 
1.29199 
1.29032 
1.28866 
1.28700 
1.28535 
1.28370 


1.28205 
1.28041 
1.27877 
1.27714 
1.27551 
1.27389 
1.27226 
1.27065 
1.26904 
1.26743 


1.26582 
1.26422 
1.26263 
1.26103 
1.25945 
1.25786 
1.25628 
1.25471 
1.25313 
1.25156 


2356.2 
2359.3 
2362.5 
2365.6 
2368.8 
2371.9 
2375.0 
2378.2 
2381.3 
2384.5 


2387.6 
2390.8 
2393.9 
2397.0 
2400.2 
2403.3 
2406.5 
2409.6 
2412.7 


415.9 


2419.0 
2422.2 
2425.3 
2428.5 
2431.6 
2434.7 
2437.9 
2441.0 
2444.2 
2447.3 


2450.4. 
2453.6 
2456.7 
2459.9 
2463.0 
‘2466.2 
2469.3 
2472.4 
2475.6 
2478.7 


2481.9 
2485.0 
2488.1 
2491.3 
2494.4 
2497.6 
2500.7 
2503.8 
2507.0 
2510.1 


441786 
442965 
444146 
445328 
446511 
447697 
448883 
450072 
451262 
452453 


453646 
454841 
456037 
457234 
458434 
459635 
460837 
462041 
463247 
464454 


465663 
466873 
468085 
469298 
470513 
471730 
472948 
474168 
475389 
476612 


477836 
479062 
480290 
481519 
482750 
483982 
485216 
486451 
487688 
488927 


490167 
491409 
492652 
493897 
495143 
496391 
497641 
498892 
500145 
501399 


CARNEGIE STEEL COMPANY 


Functions or Numpers, 800 ro 849 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


x 
Reciprocal 


No.=Diameter 


gs 
Circum. 


Area 


640000 
641601 
643204 
644809 
646416 
648025 
649636 
651249 
652864 
654481 


656100 
657721 
659344 
660969 
662596 
664225 
665856 
667489 
669124 
670761 


672400 
674041 
675684 
677329 
678976 
680625 
682276 
683929 
685584 
687241 


688900 
690561 
692224 
693889 
695556 
697225 
698896 
700569 
702244 
703921 


705600 
707281 
708964 
710649 
712336 
714025 
715716 
717409 
719104 
720801 


512000000 
513922401 
515849608 
517781627 
519718464 
521660125 
523606616 
525557943 
527514112 
529475129 


531441000 
533411731 
535387328 
537367797 
539353144 
541343375 
543338496 
545338513 
547343432 
549353259 


551368000 
553387661 
555412248 
557441767 
559476224 
561515625 
563559976 
565609283 
567663552 
569722789 


571787000 
573856191 
575930368 
578009537 
580093704 
582182875 
584277056 
586376253 
588480472 
590589719 


592704000 
594823321 
596947688 
599077107 
601211584 
603351125 
605495736 
607645423 
609800192 
611960049 


28.2843 
28.3019 
28.3196 
28.3373 
28.3549 
28.3725 
28.3901 
28.4077 
28.4253 
28.4429 


28.4605 
28.4781 
28.4956 
28.5132 
28.5307 
28.5482 
28.5657 
28.5832 
28.6007 
28.6182 


28.6356 
28.6531 
28.6705 
28.6880 
28.7054 
28.7228 
28.7402 
28.7576 
28.7750 
28.7924 


28.8097 
28.8271 
28.8444 
28.8617 
28.8791 
28.8964 
28.9137 
28.9310 
28.9482 
28.9655 


28.9828 
29.0000 
29.0172 
29.0345 
29.0517 
29.0689 
29.0861 
29.1033 
29.1204 
29.1376 


9.2832 
9.2870 
9.2909 
9.2948 
9.2986 
9.3025 


*9.3063 


9.3102 
9.3140 
9.3179 


9.3217 
9.3255 
9.3294 
9.3332 
9.3370 
9.3408 
9.3447 
9.3485 
9.3523 
9.3561 


9.3599 
9.3637 
9.3675 
9.3713 
9.3751 
9.3789 
9.3827 
9.3865 
9.3902 
9.3940 


9.3978 
9.4016 
9.4053 
9.4091 
9.4129 
9.4166 
9.4204 
9.4241 
9.4279 
9.4316 


9.4354 
9.4391 
9.4429 
9.4466 
9.4503 
9.4541 
9.4578 
9.4615 
9.4652 
9.4690 


390 


2.90309 


2.90363 | 
2.90417 | 


2.90472 
2.90526 
2.90580 
2.90634 
2.90687 
2.90741 
2.90795 


2.90849 
2.90902 
2.90956 
2.91009 
2.91062 
2.91116 
2.91169 
2.91222 
2.91275 
2.91328 


2.91381 
2.91434 
2.91487 
2.91540 
2.91593 
2.91645 
2.91698 
2.91751 
2.91803 
2.91855 


2.91908 
2.91960 
2.92012 
2.92065 
2.92117 
2.92169 
2.92221 
2.92273 
2.92324 
2.92376 


2.92428 
2.92480 
2.92531 
2.92583 
2.92634 
2.92686 
2.92737 
2.92788 
2.92840 
2.92891 


1.25000 


1.23457 
1.23305 
1.23153 
1.23001 
1.22850 
1.22699 
1.22549 
1.22399 
1.22249 
1.22100 


1.21951 
1.21803 
1.21655 
1.21507 
1.21359 
1.21212 
1.21065 
1.20919 
1.20773 
1.20627 


1.20482 
1.20337 
1.20192 
1.20048 
1.19904 
1.19760 
1.19617 
1.19474 
1.19332 
1.19190 


1.19048 
1.18906 
1.18765 
1.18624 
1.18483 
1.18343 
1.18203 
1.18064 
1.17925 
1.17786 


2513.3 
2516.4 
2519.6 
2522.7 
2525.8 
2529.0 
2532.1 
2535.3 
2538.4 
2541.5 


2544.7 
2547.8 
2551.0 
2554.1 
2557.3 
2560.4 
2563.5 
2566.7 
2569.8 
2573.0 


2576.1 
2579.2 
2582.4 
2585.5 
2588.7 
2591.8 
2595.0 
2598.1 
2601.2 
2604.4 


2607.5 
2610.7 
2613.8 
2616.9 
2620.1 
2623.2 
2626.4 
2629.5 
2632.7 
2635.8 


2638.9 
2642.1 
2645.2 
2648.4 
2651.5 
2654.6 
2657.8 
2660.9 
2664.1 
2667.2 


502655 
503912 
505171 
506432 
507694 
508958 
510223 
511490 
512758 
514028 


515300 
516573 
517848 
519124 
520402 
521681 
522962 
524245 
525529 
526814: 


528102 
529391 
530681 
531973 
533267 
534562 
535858 
537157 
538456 
539758 


541061 
542365 
543671 
544979 
546288 
547599 
548912 
550226 
551541 
552858 


554177 
555497 
556819 
558142 
559467 
560794 
562122 
563452 
564783 
566116 


MATHEMATICAL TABLES 


Functions or Numssrs, 850 To 899 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


& 
Reciprocal 


No.=Diameter 


Circum. 


Area 


722500 
724201 
725904 
727609 
729316 
731025 
732736 
734449 
736164 
737881 


739600 
741321 
743044 
744769 
746496 
748225 
749956 
751689 
753424 
755161 


756900 
758641 
760384 
762129 
763876 
765625 
767376 
769129 
770884 
772641 


774400 
776161 
777924 
779689 
781456 
783225 
784996 
786769 
788544 
790321 


792100 
793881 
795664 
797449 
799236 
801025 
802816 
804609 
806404 
808201 


614125000 
616295051 
618470208 
620650477 
622835864 
625026375 
627222016 
629422793 
631628712 
633839779 


636056000 
638277381 
640503928 
642735647 
644972544 
647214625 
649461896 
651714363 
653972032 
656234909 


658503000 
660776311 
663054848 
665338617 
667627624 
669921875 
672221376 
674526133 
676836152 
679151439 


681472000 
683797841 
686128968 
688465387 
690807104 
693154125 
695506456 
697864103 
700227072 
702595369 


704969000 
707347971 
709732288 
712121957 
714516984 
716917375 
719323136 
721734273 
724150792 
726572699 


29.1548 
29.1719 
29.1890 
29.2062 
29.2233 
29.2404 
29.2575 
29.2746 
29.2916 
29.3087 


29.3258 
29.3428 
29.3598 
29.3769 
29.3939 
29.4109 
29.4279 
29.4449 
29.4618 
29.4788 


29.4958 
29.5127 
29.5296 
29.5466 
29.5635 
29.5804 
29.5973 
29.6142 
29.6311 
29.6479 


29.6648 
29.6816 
29.6985 
29.7153 
29.7321 
29.7489 
29.7658 
29.7825 
29.7993 
29.8161 


29.8329 
29.8496 
29.8664 
29.8831 
29.8998 
29.9166 
29.9333 
29.9500 
29.9666 
29.9833 


9.4727 
9.4764 
9.4801 
9.4838 
9.4875 
9.4912 
9.4949 
9.4986 
9.5023 
9.5060 


9.5097 
9.5134 
9.5171 
9.5207 
9.5244 
9.5281 
9.5317 
9.5354 
9.5391 
9.5427 


9.5464 
9.5501 
9.5537 
9.5574 
9.5610 
9.5647 
9.5683 
9.5719 
9.5756 
9.5792 


9.5828 
9.5865 
9.5901 
9.5937 
9.5973 
9.6010 
9.6046 
9.6082 
9.6118 
8.6154 


9.6190 
9.6226 
9.6262 
9.6298 
9.6334 
9.6370 
9.6406 
9.6442 
9.6477 
9.6513 


391 


2.92942 
2.92993 
2.93044 
2.93095 
2.93146 
2.93197 
2.93247 
2.93298 
2.93349 
2.93399 


2.93450 
2.93500 
2.93551 
2.93601 
2.93651 
2.93702 
2.93752 
2.93802 
2.93852 
2.93902 


2.93952 
2.94002 
2.94052 
2.94101 
2.94151 
2.94201 
2.94250 
2.94300 
2.94349 
2.94399 


2.94448 
2.94498 
2.94547 
2.94596 
2.94645 
2.94694 
2.94743 
2.94792 
2.94841 
2.94890 


2.94939 
2.94988 
2.95036 
2.95085 
2.95134 
2.95182 
2.95231 
2.95279 
2.95328 
2.95376 


1.17647 
1.17509 
dees cu 
1.17233 
1.17096 
1.16959 
1.16822 
1.16686 
1.16550 
1.16414 


ne 


-13507 
-13379 
-13250 
.13122 
.12994 
-12867 
.12740 
.12613 
-12486 


aaa 


1.12360 
1.12233 
1.12108 
1.11982 
1.11857 
1.11732 
1.11607 
1.11483 
1.11359 
1.11235 


2670.4 
2673.5 
2676.6 
2679.8 
2682.9 
2686.1 
2689.2 
2692.3 
2695.5 
2698.6 


2701.8 
2704.9 
2708.1 
2711.2 
2714.3 
2717.5 
2720.6 
2723.8 
2726.9 


2730.0 


2733.2 
2736.3 
2739.5 
2742.6 
2745.8 
2748.9 
2752.0 
2755.2 
2758.3 
2761.5 


2764.6 
2767.7 
2770.9 
2774.0 
2777.2 
2780.3 
2783.5 
2786.6 
2789.7 
2792.9 


2796.0 
2799.2 
2802.3 
2805.4 
2808.6 
2811.7 
2814.9 
2818.0 
2821.2 
2824.3 


567450 
568786 
570124 
571463 
572803 
574146 
575490 
576835 
578182 
579530 


580880 
582232 
583585 
584940 
586297 
587655 
589014 
590375 
591738 
593102 


594468 
595835 
597204 
598575 
599947 
601320 
602696 
604073 
605451 
606831 


608212 
609595 
610980 
612366 
613754 
615143 
616534 
617927 
619321 
620717 


622114 
623513 
624913 
626315 
627718 
629124 
630530 
631938 
633348 
634760 


CARNEGIE 


STEEL COMPANY 


Functions or Numpers, 900 ro 949 


Square 


Cube 


Square 
Root 


Cubic 
Root 


| 


| 
Logarithm | 


1000 


x 
Reciprocal 


No.—Diameter 


Circum. 


Area 


810000 
811801 
813604 
815409 
817216 
819025 
820836 
822649 
824464 
826281 


828100 
829921 
831744 
833569 
835396 
837225 
839056 
840889 
842724 
844561 


846400 
848241 
850084 
851929 
853776 
855625 
857476 
859329 
861184 
863041 


864900 
866761 
868624 
870489 
872356 
874225 
876096 
877969 
879844 
881721 


883600 
885481 
887364 
889249 
891136 
893025 
894916 
896809 
898704 
900601 


729000000. 
731432701 
733870808 
736314327 
738763264 
741217625 
743677416 
746142643 
748613312 
751089429 


753571000 
756058031 
758550528 
761048497 
763551944 
766060875 
768575296 
771095213 
773620632 
776151559 


778688000 
781229961 
783777448 
786330467 
788889024 
791453125 
794022776 
796597983 
799178752 
801765089 


804357000 
806954491 
809557568 
812166237 
814780504 
817400375 
820025856 
822656953 
825293672 
827936019 


830584000 
833237621 
835896888 
838561807 
841232384 
843908625 
846590536 
849278123 
851971392 
854670349 


30.0000 
30.0167 
30.0333 
30.0500 
30.0666 
30.0832 
30.0998 
30.1164 
30.1330 
30.1496 


30.1662 
30.1828 
30.1993 
30.2159 
30.2324 
30.2490 
30.2655 
30.2820 
30.2985 
30.3150 


30.3315 
30.3480 
30.3645 
30.3809 
30.3974 
30.4138 
30.4302 
30.4467 
30.4631 
30.4795 


30.4959 
30.5123 
30.5287 
30.5450 
30.5614 
30.5778 
30.5941 
30.6105 
30.6268 
30.6431 


30.6594 
30.6757 
30.6920 
30.7083 
30.7246 
30.7409 
30.7571 
30.7734 
30.7896 
30.8058 


9.6549 
9.6585 
9.6620 
9.6656 
9.6692 
9.6727 
9.6763 
9.6799 
9.6834 
9.6870 


9.6905 
9.6941 
9.6976 
9.7012 
9.7047 
9.7082 
9.7118 
9.7153 
9.7188 
9.7224 


9.7259 
9.7294 
9.7329 
9.7364 
9.7400 
9.7435 
9.7470 
9.7505 
9.7540 
9.7575 


9.7610 
9.7645 
9.7680 
9.7715 
9.7750 
9.7785 
9.7819 
9.7854 
9.7889 
9.7924 


9.7959 
9.7993 
9.8028 
9.8063 
9.8097 
9.8132 
9.8167 
9.8201 
9.8236 
9.8270 


392 


2.95424 
2.95472 
2.95521 
2.95569 
2.95617 
2.95665 
2.95713 
2.95761 
2.95809 
2.95856 


2.95904 
2.95952 
2.95999 
2.96047 
2.96095 
2.96142 
2.96190 
2.96237 
2.96284 
2.96332 


2.96379 
2.96426 
2.96473 
2.96520 
2.96567 
2.96614 
2.96661 
2.96708 
2.96755 
2.96802 


2.96848 
2.96895 
2.96942 
2.96988 
2.97035 
2.97081 
2.97128 
2.97174 
2.97220 
2.97267 


2.97313 
2.97359 
2.97405 
2.97451 
2.97497 
2.97543 
2.97589 
2.97635 
2.97681 


2.97727 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 


1 
1 
1 
1 
1 
i. 
1 
1 
1 
1 


-11111 
-10988 
-10865 


-10742 
-10619 
10497 
-10375 
-10254 
-10132 
-10011 


-09890 
-09769 
-09649 
-09529 
-09409 
-09290 
-09170 
-09051 
-08932 
-08814 


-08696 
-08578 


1.08460 
1.08342 
1.08225 
1.08108 
1.07991 
1.07875 
1.07759 
1.07643 


1.07527 
1.07411 


i! 


.07296 


1.07181 
1.07066 
1.06952 
1.06838 
1.06724 
1.06610 
1.06496 


1 


-06383 


1.06270 
1.06157 


1 
1 
i) 
1 
1 
1 
1 


-06045 
-05932 
-05820 
-05708 
-05597 
-05485 
-05374 


2827.4 
2830.6 
2833.7 
2836.9 
2840.0 
2843.1 
2846.3 
2849.4 
2852.6 
2855.7 


2858.8 
2862.0 
2865.1 
2868.3 
2871.4 
2874.6 
2877.7 
2880.8 
2884.0 
2887.1 


2890.3 
2893.4 
2896.5 
2899.7 
2902.8 
2906.0 
2909.1 
2912.3 
2915.4 
2918.5 


2921.7 
2924.8 
2928.0 
2931.1 
2934.2 
2937.4 
2940.5 
2943.7 
2946.8 
2950.0 


2953.1 
2956.2 
2959.4 
2962.5 
2965.7 
2968.8 
2971.9 
2975.1 
2978.2 
2981.4 


636173 
637587 
639003 
640421 
641840 
643261 
644683 
646107 
647533 
648960 


650388 
651818 
653250 
654684 
656118 
657555 
658993 
660433 
661874 
663317 


664761 
666207 
667654 
669103 
670554 
672006 
673460 
674915 
676372 
677831 


679291 
680752 
682216 
683680 
685147 
686615 
688084 
689555 
691028 
692502 


693978 
695455 
696934 
698415 
699897 
701380 
702865 
704352 
705840 
707330 


MATHEMATICAL TABLES 


Functions or Numsers, 950 ro 999 


Square 


1000 No.= Diameter 


Square Cubic : 
Cube Rant iar Logarithm 


x 
Reciprocal| Circum. Area 


951 
952 
953 
954 
955 
956 
957 
958 
959 


961 
962 
963 
964 
965 
966 
967 
968 
969 


971 
972 
973 
974 
975 
976 
O77 
978 
979 


981 
982 
983 
984 
985 
986 
987 
988 


991 
992 
993 
994 
995 
996 
097 
998 


902500 
904401 
906304 
908209 
910116 
912025 
913936 
915849 
917764 
919681 


921600 
923521 
925444 
927369 
929296 
931225 
933156 
935089 
937024 
938961 


940900 
942841 
944784 
946729 
948676 
950625 
952576 
954529 
956484 
958441 


960400 
962361 
964324 
966289 
968256 
970225 
972196 
974169 
976144 
978121 


980100 


982081, 
984064 


986049 
988036 
990025 
992016 
994009 
996004 
998001 


857375000 | 30.8221 | 9.8305 | 2.97772 | 1.05263 | 2984.5 | 708822 
860085351 | 30.8383 | 9.8339 | 2.97818 | 1.05152 | 2987.7| 710315 
862801408 | 30.8545 | 9.8374 | 2.97864 | 1.05042] 2990.8 | 711809 
865523177 | 30.8707 | 9.8408 | 2.97909 | 1.04932 | 2993.9 | 713306 
868250664 | 30.8869 | 9.8443 | 2.97955 | 1.04822 | 2997.1 | 714803 
870983875 | 30.9031 | 9.8477 | 2.98000 | 1.04712] 3000.2! 716303 
873722816 | 30.9192 | 9.8511 | 2.98046 | 1.04603 | 3003.4 717804 
876467493 | 30.9254 | 9.8546 | 2.98091 | 1.04493 | 3006.5 | 719306 
879217912 | 30.9516 | 9.8580 | 2.98137 | 1.04384 | 3009.6 | 720810 
881974079 | 30.9677 | 9.8614 | 2.98182 | 1.04275 | 3012.8 | 722316 


884736000 | 30.9839 | 9.8648 | 2.98227 | 1.04167 | 3015.9 | 723823 
887503681 | 31.0000 | 9.8683 | 2.98272 | 1.04058 | 3019.1 | 725332 
890277128 | 31.0161 | 9.8717 | 2.98318 | 1.03950 | 3022.2 | 726842 
893056347 | 31.0322 | 9.8751 | 2.98363 | 1.03842 | 3025.4 | 728354 
895841344 | 31.0483 | 9.8785 | 2.98408 | 1.03734 | 3028.5 | 729867 
898632125 | 31.0644 | 9.8819] 2.98453 | 1.03627 | 3031.6 | 731382 
901428696 | 31.0805 | 9.8854 | 2.98498 | 1.03520 | 3034.8 | 732899 
904231063 | 31.0966 | 9.8888 | 2.98543 | 1.03413 | 3037.9 | 734417 
907039232 | 31.1127 | 9.8922 | 2.98588 | 1.03306 |.8041.1 | 735937 
909853209 | 31.1288 | 9.8956 | 2.98632 | 1.03199 | 3044.2 | 737458 - 


912673000 | 31.1448 | 9.8990 | 2.98677 | 1.03093 | 3047.3 | 738981 
915498611 | 31.1609 | 9.9024 | 2.98722 | 1.02987 | 3050.5 | 740506 
918330048 | 31.1769 | 9.9058 | 2.98767 | 1.02881 | 3053.6 | 742032 
921167317 | 31.1929 | 9.9092 | 2.98811 | 1.02775 | 3056.8 | 743559 
924010424 | 31.2090} 9.9126 | 2.98856 | 1.02669 | 3059.9 | 745088 
926859375 | 31.2250 | 9.9160 | 2.98900 | 1.02564 | 3063.1 | 746619 
929714176 | 31.2410 | 9.9194 | 2.98945 | 1.02459 | 3066.2 | 748151 
932574833 | 31.2570 | 9.9227 | 2.98989 | 1.02354 | 3069.3 | 749685 
935441352 | 31.2730 | 9.9261 | 2.99034 | 1.02249 | 3072.5 | 751221 
938313739 | 31.2890 | 9.9295 | 2.99078 | 1.02145 | 3075.6 | 752758 


941192000 | 31.3050 | 9.9329 | 2.99123 | 1.02041 | 3078.8 | 754296 
944076141 | 31.3209 | 9.9363 | 2.99167 | 1.01937 | 3081.9 | 755837 
946966168 | 31.3369 | 9.9396 | 2.99211 | 1.01833 | 3085.0] 757378 
949862087 | 31.3528 | 9.9430] 2.99255 | 1.01729 | 3088.2 | 758922 
952763904 | 31.3688 | 9.9464 | 2.99300 | 1.01626 | 3091.3 | 760466 
955671625 | 31.3847 | 9.9497 | 2.99344 | 1.01523 | 3094.5 | 762013 
958585256 | 31.4006 | 9.9531 | 2.99388 | 1.01420 | 3097.6 | 763561 
961504803 | 31.4166 | 9.9565 | 2.99432 | 1.01317 | 3100.8] 765111 
964430272 | 31.4325 | 9.9598 | 2.99476 | 1.01215 | 3103.9 | 766662 
967361669 | 31.4484 | 9.9632 | 2.99520] 1.01112 | 3107.0 | 768214 


970299000 | 31.4643 | 9.9666 | 2.99564 | 1.01010 | 3110.2 | 769769 
973242271 | 31.4802 | 9.9699 | 2.99607 | 1.00908 | 3113.3 | 771325 
976191488 | 31.4960 | 9.9733 | 2.99651 | 1.00806 | 3116.5 | 772882 
979146657 | 31.5119 | 9.9766 | 2.99695 | 1.00705 | 3119.6 | 774441 
982107784 | 31.5278 | 9.9800 | 2.99739 | 1.00604 | 3122.7 | 776002 
985074875 | 31.5436 | 9.9833 | 2.99782 | 1.00503 | 3125.9 | 777564 
988047936 | 31.5595 | 9.9866 | 2.99826 | 1.00402 | 3129.0 | 779128 
991026973 | 31.5753 | 9.9900 | 2.99870 | 1.00301 | 3132.2 | 780693 
994011992 | 31.5911 | 9.9933 | 2.99913 | 1.00200 | 3135.3 | 782260 
997002999 |. 31.6070 | 9.9967 | 2.99957 | 1.00160 | 3138.5 | 783828 
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CARNEGIE STEEL COMPANY 


NATURAL TRIGONOMETRIC FUNCTIONS 


Degrees 


SINES 


O/ 


10’ 


60’ 


OCONOM PWNRO 


0.00000 
0.01745 
0.03490 
0.05234 
0.06976 


0.08716 
0.10453 
0.12187 
0.13917 
0.15643 


0.17365 
0.19081 
0.20791 
0.22495 
0.24192 


0.25882 
0.27564 
0.29237 
0.30902 
0.32557 


0.34202 
0.35837 
0.37461 
0.39073 
0.40674 


0.42262 
0.43837 
0.45399 
0.46947 
0.48481 


0.50000 
0.51504 
0.52992 
0.54464 
0.55919 


0.57358 
0.58779 
0.60182 
0.61566 
0.62932 


0.64279 
0.65606 
0.66913 
0.68200 
0.69466 


0.00291 
0.02036 
0.03781 
0.05524 
0.07266 


0.09005 
0.10742 
0.12476 
0.14205 
0.15931 


0.17651 
0.19366 
0.21076 
0.22778 
0.24474 


0.26163 
0.27843 
0.29515 
0.31178 
0.32832 


0.34475 
0.36108 
0.37730 
0.39341 
0.40939 


0.42525 
0.44098 
0.45658 
0.47204 
0.48735 


0.50252 
0.51753 
0.53238 
0.54708 
0.56160 


0.57596 
0.59014 
0.60414 
0.61795 
0.63158 


0.64501 
0.65825 
0.67129 
0.68412 
0.69675 


0.00582 
0.02327 
0.04071 
0.05814 
0.07556 


0.09295 
0.11031 
0.12764 
0.14493 
0.16218 


0.17937 
0.19652 
0.21360 
0.23062 
0.24756 


0.26443 | 
0.28123 | 
0.29793 


0.31454 
0.33106 


0.34748 
0.36379 
0.37999 
0.39608 
0.41204 


0.42788 
0.44359 
0.45917 
0.47460 
0.48989 


0.50503 
0.52002 
0.53484 
0.54951 
0.56401 


0.57833 
0.59248 
0.60645 
0.62024 
0.63383 


0.64723 
0.66044 
0.67344 
0.68624 
0.69883 


0.00873 
0.02618 
0.04362 
0.06105 
0.07846 


0.09585 | 
0.11320 
0.13053 
0.14781 
0.16505 


0.18224 
0.19937 
0.21644 
0.23345 
0.25038 


0.26724 
0.28402 
0.30071 
0.31730 
0.33381 


0.35021 
0.36650 
0.38268 
0.39875 
0.41469 


0.43051 
0.44620 
0.46175 
0.47716 
0.49242 


0.50754 
0.52250 
0.53730 
0.55194 
0.56641 


0.58070 
0.59482 
0.60876 
0.62251 
0.63608 


0.64945 
0.66262 
0.67559 
0.68835 
0.70091 


0.01164 
0.02908 
0.04653 
0.06395 
0.08136 


0.09874 
0.11609 
0.13341 
0.15069 | 
0.16792 | 


0.18509 
0.20222 
0.21928 | 
0.23627 | 
0.25320 | 


0.27004 | 
0.28680 
0.30348 
0.32006 
0.33655 


0.35293 
0.36921 
0.38537 
0.40142 
0.41734 


0.43313 
0.44880 
0.46433 
0.47971 
0.49495 


0.51004 
0.52498 
0.53975 
0.55436 
0.56880 


0.58307 
0.59716 
0.61107 
0.62479 
0.63832 


0.65166 
0.66480 
0.67773 
0.69046 
0.70298 


0.01454 
0.03199 
0.04943 


0.06685 | 


0.08426 


0.10164 | 
0.11898 | 


0.13629 
0.15356 


0.17078 | 


0.18795 | 
0.20507 | 
0.22212 


0.23910 


0.25601 | 


0.27284 
0.28959 
0.30625 
0.32282 


0.33929 | 


0.35565 
0.37191 
0.38805 
0.40408 
0.41998 


0.43575 
0.45140 
0.46690 
0.48226 
0.49748 


0.51254 
0.52745 
0.54220 
0.55678 


0.57119 | 


0.58543 
0.59949 
0.61337 
0.62706 
0.64056 


0.65386 
0.66697 
0.67987 
0.69256 
0.70505 


ooo coooeoco oooeoo 


-01745 
-03490 
-05234 
-06976 
-08716 


-10453 
-13917 
-17365 
-19081 


0.27564 
0.29237 
0.30902 
0.32557 


0.34202 


0.35837 
0.37461 


0.39073 | 


0.40674 
0.42262 


0.43837 
0.45399 
0.46947 
0.48481 
0.50000 


0.51504 
0.52992 
0.54464 
0.55919 
0.57358 


0.58779 
0.60182 
0.61566 
0.62932 
0.64279 


0.65606 
0.66913 
0.6&200 
0.69466 
0.70711 


.12187 | 
15643 | 


:20791 | 
122495 | 
0.24192 | 
0.25882 | 


sists] 


NAIA 


60’ 


40’ 


10’ 


COSINES 
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NatTuRAL TRIGONOMETRIC FUNCTIONS 


Degrees 


COSINES 


0’ 


10’ 


20’ 


30’ 


40’ 


50’ 


60’ 


RWNEHO 


OW IMD Or 


1.00000 


| 0.99985 


0.99939 
0.99863 


| 0.99756 
0.99619 


0.99452 
0.99255 


| 0.99027 
| 0.98769 


0.98481 
0.98163 
0.97815 
0.97437 
0.97030 


0.96593 
0.96126 
0.95630 
0.95106 
0.94552 


0.93969 
0.93358 
0.92718 
0.92050 
0.91355 


0.90631 
0.89879 
0.89101 
0.88295 
0.87462 


0.86603 
0.85717 
0.84805 
0.83867 
0.82904 


0.81915° 
0.80902 
0.79864 
0.78801 
0.77715 


0.76604 
0.75471 
0.74314 
0.73135 
0.71934 


1.00000 
0.99979 
0.99929 
0.99847 
0.99736 


0.99594 
0.99421 
0.99219 
0.98986 
0.98723 


0.98430 
0.98107 
0.97754 
0.97371 
0.96959 


0.96517 
0.96046 
0.95545 
0.95015 
0.94457 


0.93869 
0.93253 
0.92609 
0.91936 
0.91236 


0.90507 
0.89752 
0.88968 
0.88158 
0.87321 


0.86457 
0.85567 
0.84650 
0.83708 
0.82741 


0.81748 
0.80730 
0.79688 
0.78622 
0.77531 


0.76417 
0.75280 
0.74120 
0.72937 
0.71732 


0.99998 
0.99973 
0.99917 
0.99831 
0.99714 


0.99567 
0.99390 
0.99182 
0.98944 
0.98676 


0.98378 
0.98050 
0.97692 
0.97304 
0.96887 


0.96440 
0.95964 
0.95459 
0.94924 
0.94361 


0.93769 
0.93148 
0.92499 
0.91822 
0.91116 


0.90383 
0.89623 
0.88835 
0.88020 
0.87178 


0.86310 
0.85416 
0.84495 
0.83549 
0.82577 


0.81580 
0.80558 
0.79512 
0.78442 
0.77347 


0.76229 
0.75088 
0.73924 
0.72737 
0.71529 


0.99996 
0.99966 
0.99905 
0.99813 
0.99692 


0.99540 
0.99357 
0.99144 
0.98902 
0.98629 


0.98325 
0.97992 
0.97630 
0.97237 
0.96815 


0.96363 
0.95882 
0.95372 
0.94832 
0.94264 


0.93667 
0.93042 
0.92388 
0.91706 
0.90996 


0.90259 
0.89493 
0.88701 
0.87882 
0.87036 


0.86163 
0.85264 
0.84339 
0.83389 
0.82413 


0.81412 
0.80386 
0.79335 
0.78261 
0.77162 


0.76041 
0.74896 
0.73728 
0.72537 
0.71325 


0.99993 
0.99958 
0.99892 
0.99795 
0.99668 


0.99511 
0.99324 
0.99106 
0.98858 
0.98580 


0.98272 
0.97934 
0.97566 
0.97169 
0.96742 


0.96285 
0.95799 
0.95284 
0.94740 
0.94167 


0.93565 
0.92935 
0.92276 
0.91590 
0.90875 


0.90133 
0.89863 
0.88566 
0.87743 
0.86892 


0.86015 
0.85112 
0.84182 
0.83228 
0.82248 


0.81242 
0.80212 
0.79158 
0.78079 
0.76977 


0.75851 
0.74703 
0.73531 
0.72337 
0.71121 


0.99989 | 0.99985 
0.99949 | 0.99939 
0.99878 | 0.99863 
0.99776 | 0.99756 
0.99644 | 0.99619 


0.99482 | 0.99452 
0.99290 | 0.99255 
0.99067 | 0.99027 
0.98814 | 0.98769 
0.98531 | 0.98481 


0.98218 
0.97875 
0.97502 
0.97100 
0.96667 


0.96206 
0.95715 
0.95195 | 
0.94646 
0.94068 


0.93462 
0.92827 
0.92164 
0.91472 
0.90753 


0.90007 
0.89232 
0.88431 
0.87603 
0.86748 


0.85866 
0.84959 
0.84025 
0.83066 
0.82082 


0.81072 
0.80038 
0.78980 
0.77897 
0.76791 


0.75661 
0.74509 
0.73333 
0.72136 
0.70916 


0.98163 
0.97815 
0.97437 
0.97030 
0.96593 


0.96126 
0.95630 
0.95106 
0.94552 
0.93969 


0.93358 
0.92718 
0.92050 
0.91355 
0.90631 


0.89879 
0.89101 
0.88295 
0.87462 
0.86603 


0.85717 
0.84805 
0.83867 
0.82904 
0.81915 


0.80902 
0.79864. 
0.78801 
0.77715 
0.76604 


0.75471 
0.74314 
0.73135 
0.71934 
0.70711 


40’ 


30’ 


20’ 


10’ 


0’ 


SINES 
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CARNEGIE STEEL COMPANY 


NATURAL TRIGONOMETRIC FUNCTIONS 


3 

3 TANGENTS E 
B = ets 2 

| aS 
a 0’ 10’ 20° k 30" || -40¢ 50’ 60’ s 

| = 4 s 

0 | 0.00000 | 0.00291 | 0.00582 | 0.00873 | 0.01164 | 0.01455 | 0.01746, 89 
1 | 0.01746 | 0.02036 | 0.02328 | 0.02619 | 0.02910 | 0.03201 | 0.03492| 88 
2 | 0.03492 | 0.03783 | 0.04075 | 0.04366 | 0.04658 | 0.04949 | 0.05241| 87 
3 | 0.05241 | 0.05533 | 0.05824 | 0.06116 | 0.06408 | 0.06700 | 0.06993| 86 
4 | 0.06993 | 0.07285 | 0.07578 | 0.07870 | 0.08163 | 0.08456 | 0.08749| 85 
5 | 0.08749 | 0.09042 | 0.09335 | 0.09629 | 0.09923 | 0.10216 | 0.10510} 84 
6 | 0.10510] 0.10805 | 0.11099 | 0.11394 | 0.11688 | 0.11983 | 0.12278} 83 
7 | 0.12278 | 0.12574 | 0.12869 | 0.13165 | 0.13461 | 0.13758 | 0.14054| 82 
8 | 0.14054] 0.14351 | 0.14648 | 0.14945 | 0.15243 | 0.15540 | 0.15838] 81 
9 | 0.15838 | 0.16137 | 0.16435 | 0.16734 | 0.17033 | 0.17333 | 0.17633| 80 
10 | 0.17633 | 0.17933 | 0.18233 | 0.18534 | 0.18835 | 0.19136 | 0.19438] 79 
11 | 0.19438 | 0.19740 | 0.20042 | 0.20345 | 0.20648 | 0.20952 | 0.21256] 78 
12 | 0.21256 | 0.21560 | 0.21864 | 0.22169 | 0.22475 | 0.22781 | 0.23087) 77 
13 | 0.23087 | 0.23393 | 0.23700 | 0.24008 | 0.24316 | 0.24624 | 0.24933| 76 
14 | 0.24933 | 0.25242 | 0.25552 | 0.25862 | 0.26172 | 0.26483 | 0.26795| 75 
15 | 0.26795 | 0.27107 | 0.27419 | 0.27732 | 0.28046 | 0.28360 | 0.28675] 74 
16 | 0.28675 | 0.28990 | 0.29305 | 0.29621 | 0.29938 | 0.30255 | 0.30573| 73 
17 | 0.30573 | 0.30891 | 0.31210 | 0.31530 | 0.31850 | 0.32171 | 0.32492] 72 
18 | 0.32492] 0.32814] 0.33136 | 0.33460 | 0.33783 | 0.34108 | 0.34433] 71 
19 | 0.34433 | 0.34758 | 0.35085 | 0.35412 | 0.35740 | 0.36068 | 0.36397] 70 
20 | 0.36397 | 0.36727 | 0.37057 | 0.37388 | 0.37720 | 0.38053 | 0.38386 | ° 69 
21 | 0.38386 | 0.38721 | 0.39055 | 0.39391 | 0.39727 | 0.40065 | 0.40403| 68 
22 | 0.40403 | 0.40741 | 0.41081 | 0.41421 | 0.41763 | 0.42105 | 0.42447| 67 
23 ‘| 0.42447 | 0.42791 | 0.43136 | 0.43481 | 0.43828 | 0.44175 | 0.44523| 66 
24 | 0.44523 | 0.44872 | 0.45222 | 0.45573 | 0.45924 | 0.46277 | 0.46631| 65 
25 | 0.46631 | 0.46985 | 0.47341 | 0.47698 | 0.48055 | 0.48414 | 0.48773 | 64 
26 | 0.48773 | 0.49134 | 0.49495 | 0.49858 | 0.50222 | 0.50587 | 0.50953} 63 
27 +‘| 0.50953 | 0.51320] 0.51688 | 0.52057 | 0.52427 | 0.52798 | 0.53171 | 62 
28 | 0.53171 | 0.53545 | 0.53920 | 0.54296 | 0.54674 | 0.55051 | 0.55431| 61 
29 | 0.55431 | 0.55812 | 0.56194 | 0.56577 | 0.56962 | 0.57348 | 0.57735! 60 
30 | 0.57735 | 0.58124 | 0.58513 | 0.58905 | 0.59297 | 0.59691 | 0.60086| 59 
31 | 0.60086 | 0.60483 | 0.60881 | 0.61280 | 0.61681 | 0.62083 | 0.62487] 58 
32 | 0.62487 | 0.62892 | 0.63299 | 0.63707 | 0.64117 | 0.64528 | 0.64941 | 57 
33 | 0.64941 | 0.65355 | 0.65771 | 0.66189 | 0.66608 | 0.67028 | 0.67451 | 56 
34 | 0.67451 | 0.67875 | 0.68301 | 0.68728 | 0.69157 | 0.69588 | 0.70021} 55 
35. | 0.70021 | 0.70455 | 0.70891 | 0.71329 | 0.71769 | 0.72211 | 0.72654| 54 
36 | 0.72654 | 0.73100 | 0.73547 | 0.73996 | 0.74447 | 0.74900 | 0.75355| 53 
37 | 0.75355 | 0.75812 | 0.76272 | 0.76733 | 0.77196 | 0.77661 | 0.78129] 52 
38 | 0.78129] 0.78598 | 0.79070 | 0.79544 | 0.80020 | 0.80498 | 0.80978} 51 
39 | 0.80978 | 0.81461 | 0.81946 | 0.82434 | 0.82923 | 0.83415 | 0.83910| 50 
40 | 0.83910] 0.84407 | 0.84906 | 0.85408 | 0.85912 | 0.86419 | 0.86929| 49 
41 | 0.86929 | 0.87441 | 0.87955 | 0.88473 | 0.88992 | 0.89515 | 0.90040| 48 
42 | 0.90040 | 0.90569 | 0.91099 | 0.91633 | 0.92170) 0.92709 | 0.93252| 47 
43 | 0.93252 | 0.93797 | 0.94345 | 0.94896 | 0.95451 | 0.96008 | 0.96569! 46 
44 | 0.96569 | 0.97133 | 0.97700 | 0.98270 | 0.98843 | 0.99420) 1.00000] 45 
2 60’ 50’ 40! 30° | 20° 10" | 
& = é 
FS COTANGENTS 
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MATHEMATICAL TABLES 


NATURAL TRIGONOMETRIC FUNCTIONS 


3 COTANGENTS z 
: | : 
A 0’ 10% 4) - 20" 30’ 40/ 50/ 60’ & 
) ©  |343.77371/171.88540 114.58865'85.93979'68.75009'57.28996| 89 
1 |57.28996) 49.10388| 42.96408| 38.18846/34.36777/31.24158128.63625| 88 
2 |28.63625| 26.43160| 24.54176| 22.90377|21.47040/20.20555/19.08114| 87 
3 |19.08114) 18.07498] 17.16934| 16.34986115.60478 14.92442)14.30067| 86 
' 4 |14.30067| 13.72674) 13.19688) 12.70621)12.25051/11.82617|11.43005] 85 
5 |11.43005) 11.05943) 10.71191) 10.38540|10.07803) 9.78817] 9.51436] 84 
6 | 9.51436) 9.25530) 9.00983] 8.77689] 8.55555| 8.34496] 8.14435] 83 
7 | 8.14435) 7.95302) 7.77035] 7.59575] 7.42871] 7.26873] 7.11537| 82 
8 | 7.11537) 6.96823) 6.82694] 6.69116] 6.56055] 6.43484] 6.31375] 81 
9 | 6.31375) 6.19703) 6.08444] 5.97576] 5.87080] 5.76937] 5.67128] 80 
10 | 5.67128! 5.57638) 5.48451). 5.39552) 5.30928] 5.22566] 5.14455] 79 
11 | 5.14455| 5.06584 4.98940] 4.91516) 4.84300] 4.77286] 4.70463] 78 
12 | 4.70463} 4.63825) 4.57363) 4.51071] 4.44942] 4.38969] 4.33148] 77 
13 | 4.33148] 4.27471] 4.21933] 4.16530! 4.11256] 4.06107] 4.01078] 76 
14 | 4.01078) 3.96165) 3.91364} 3.86671) 3.82083] 3.77595] 3.73205) 75 
15 | 3.73205) 3.68909) 3.64705] 3.60588] 3.56557| 3.52609] 3.48741| 74 
16 | 3.48741) 3.44951) 3.41236) 3.37594] 3.34023] 3.30521] 3.27085] 73 
17 | 3.27085) 3.23714) 3.20406) 3.17159) 3.13972| 3.10842).3.07768) 72 
18 | 3.07768] 3.04749) 3.01783] 2.98869] 2.96004] 2.93189] 2.90421] 71 
19 | 2.90421) 2.87700) 2.85023] 2.82391] 2.79802] 2.77254] 2.74748] 70 
20 | 2.74748) 2.72281) 2.69853) 2.67462] 2.65109] 2.62791] 2.60509) 69 
21 | 2.60509) 2.58261) 2.56046) 2.53865] 2.51715] 2.49597| 2.47509] 68. 
22 | 2.47509) 2.45451) 2.43422) 2.41421] 2.39449) 2.37504| 2.35585) 67 
23 | 2.35585] 2.33693| 2.31826] 2.29984] 2.28167| 2.26374| 2.24604] 66. 
24 | 2.24604) 2.22857) 2.21132) 2.19430] 2.17749] 2.16090] 2.14451] 65. 
25 | 2.14451) 2.12832) 2.11233] 2.09654] 2.08094| 2.06553) 2.05030] 64 
26 | 2.05030} 2.03526) 2.02039] 2.00569] 1.99116] 1.97680] 1.96261] 63 
27 | 1.96261] 1.94858) 1.93470] 1.92098] 1.90741] 1.89400] 1.88073] 62 
28 | 1.88073) 1.86760] 1.85462] 1.84177] 1.82907] 1.81649] 1.80405] 61 
29 | 1.80405) 1.79174] 1.77955] 1.76749] 1.75556) 1.74375] 1.73205) 60 
30 | 1.73205] 1.72047] 1.70901| 1.69766] 1.68643] 1.67530] 1.66428] 59 
31 | 1.66428} 1.65337] 1.64256] 1.63185] 1.62125] 1.61074] 1.60033] 58 
32 | 1.60033) 1.59002] 1.57981) 1.56969] 1.55966) 1.54972] 1.53987} 57 
33 | 1.53987) 1.53010) 1.52043) 1.51084] 1.50133) 1.49190] 1.48256) 56 
34 | 1.48256] 1.47330) 1.46411} 1.45501) 1.44598] 1.43703] 1.42815] 55 
35 | 1.42815) 1.41934] 1.41061] 1.40195] 1.39336] 1.38484] 1.37638] 54 
36 | 1.37638] 1.36800) 1.35968] 1.35142] 1.34323] 1.33511] 1.382704) 53 
37 | 1.32704) 1.31904] 1.31110) 1.30323) 1.29541] 1.28764| 1.27994] 52 
38 | 1.27994) 1.27230! 1.26471| 1.25717] 1.24969] 1.24227] 1.23490) 51 
39 | 1.23490) 1.22758) 1.22031] 1.21310) 1.20593] 1.19882] 1.19175) 50 
40° | 1.19175) 1.18474] 1.17777] 1.17085] 1.16398] 1.15715] 1.15037] 49 
41 | 1.15037} 1.14363} 1.13694} 1.13029] 1.12369] 1.11713] 1.11061) 48. 
42 | 1.11061] 1.10414) 1.09770] 1.09131] 1.08496) 1.07864] 1.07237, 47 
43 | 1.07237] 1.06613] 1.05994) 1.05378) 1.04766] 1.04158) 1.03553) 46 
44 | 1.03553) 1.02952) 1.02355} 1.01761) 1.01170] 1.00583) 1.00000) 45 
; 
5 60’ 50/ 40/ 30’ 20’ 10/ 0’ 3 
e 5 
3 TANGENTS & 
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CARNEGIE STEEL COMPANY 


NATURAL TRIGONOMETRIC FUNCTIONS 


| 


SECANTS 


| Degrees 
Cosecants 


0% 10’ 20’ w< 50’ 60’ 


1.00000 | 1.00000 | 1.00002 | 1.00004 | 1.00007 1.00011 | 1.00015 
1.00015 | 1.00021 | 1.00027 | 1.00034 | 1.00042 | 1.00051 | 1.00061 
1.00061 | 1.00072 | 1.00083 | 1.00095 | 1.00108 | 1.00122 | 1.00137 
1.00137 | 1.00153 | 1.00169 | 1.00187 | 1.00205 | 1.00224 | 1.00244 
1.00244 | 1.00265 | 1.00287 | 1.00309 | 1.00333 | 1.00357 | 1.00382 


1.00382 | 1.00408 | 1.00435 | 1.00463 | 1.00491 | 1.00521 | 1.00551 
1.00551 | 1.00582 | 1.00614 | 1.00647 | 1.00681 | 1.00715) 1.00751 
1.00751 | 1.00787 | 1.00825 | 1.00863 | 1.00902 | 1.00942 | 1.00983 
1.00983 | 1.01024 | 1.01067 | 1.01111 | 1.01155} 1.01200 | 1.01247 
1.01247 | 1.01294 | 1.01342 | 1.01391 | 1.01440 1.01491 | 1.01543 


1.01543 | 1.01595 | 1.01649 | 1.01703 | 1.01758 | 1.01815 | 1.01872 
1.01872 | 1.01930 | 1.01989 | 1.02049 | 1.02110) 1.02171 | 1.02234 
1.02234 | 1.02298 | 1.02362 | 1.02428 | 1.02494 | 1.02562 | 1.02630 
1.02630 | 1.02700 | 1.02770 | 1.02842 | 1.02914 | 1.02987 | 1.03061 
1.03061 | 1.03137 | 1.03213 | 1.03290 | 1.03368 | 1.03447 | 1.03528 


1.03528 | 1.03609 | 1.03691 | 1.03774 | 1.03858 | 1.03944 | 1.04030 
1.04030 | 1.04117 | 1.04206 | 1.04295 | 1.04385 | 1.04477 | 1.04569 
1.04569 | 1.04663 | 1.04757 | 1.04853 | 1.04950 | 1.05047 | 1.05146 
1.05146 | 1.05246 | 1.05347 | 1.05449 | 1.05552 | 1.05657 | 1.05762 
1.05762 | 1.05869 | 1.05976.) 1.06085 | 1.06195 | 1.06306 | 1.06418 


1.06418 | 1.06531 | 1.06645 | 1.06761 | 1.06878 | 1.06995 | 1.07115 
1.07115 | 1.07235 | 1.07356 | 1.07479 | 1.07602 | 1.07727 | 1.07853 
1.07853 | 1.07981 | 1.08109 | 1.08239 | 1.08370 | 1.08503 | 1.08636 
1.08636 | 1.08771 | 1.08907 | 1.09044 | 1.09183 | 1.09323 | 1.09464 
1.09464 | 1.09606 | 1.09750 | 1.09895 | 1.10041 | 1.10189 | 1.10338 


1.10338 | 1.10488 | 1.10640 | 1.10793 | 1.10947 | 1.11103 | 1.11260 
1.11260 | 1.11419 | 1.11579 | 1.11740 | 1.11903 | 1.12067 | 1.12233 
1.12233 | 1.12400 | 1.12568 | 1.12738 | 1.12910 | 1.13083 | 1.138257 
1.13257 | 1.13433 | 1.13610 | 1.13789 | 1.13970 | 1.14152} 1.14335 
1.14335 | 1.14521 | 1.14707 | 1.14896 | 1.15085 | 1.15277 | 1.15470 


1.15470 | 1.15665 | 1.15861 | 1.16059 | 1.16259 | 1.16460 | 1.16663 
1.16663 | 1.16868 | 1.17075 | 1.17283 | 1.17493 | 1.17704 | 1.17918 
1.17918 | 1.18133 | 1.18350 | 1.18569 | 1.18790} 1.19012 | 1.19236 
1.19236 | 1.19463 | 1.19691 | 1.19920 | 1.20152 | 1.20386 | 1.20622 
1.20622 | 1.20859 | 1.21099 | 1.21341 | 1.21584 | 1.21830 | 1.22077 


1.22077 | 1.22327 | 1.22579 | 1.22833 | 1.23089 | 1.23347 | 1.23607 
1.23607 | 1.23869 | 1.24134 | 1.24400] 1.24669 | 1.24940 | 1.25214 
1.25214 | 1.25489 | 1.25767 | 1.26047 | 1.26330 | 1.26615 | 1.26902 
1.26902 | 1.27191 | 1.27483 | 1.27778 | 1.28075 | 1.28374 | 1.28676 
1.28676 | 1.28980 | 1.29287 | 1.29597 | 1.29909 | 1.30223 | 1.30541 


1.30541 | 1.30861 | 1.31183 | 1.31509 | 1.31837 | 1.32168 | 1.32501 
1.32501 | 1.32838 | 1.33177 | 1.33519 | 1.33864 | 1.34212 | 1.34563 
1.34563 | 1.34917 | 1.35274 | 1.35634 | 1.35997 | 1.36363 | 1.36733 
1.36733 | 1.37105 | 1.37481 | 1.37860 | 1.38242 | 1.38628 | 1.39016 
1.39016 | 1.39409 | 1.39804 | 1.40203 | 1.40606 | 1.41012} 1.41421 


CHONHAM PWNS 


60’ 50’ 40’ 30’ 20’ 10’ 0’ 


COSECANTS 
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MATHEMATICAL TABLES 


NATURAL TRIGONOMETRIC FUNCTIONS 


3 COSECANTS 

P 

r=) 0’ 10’ 207 30’ 40! 50’ 60/ 

0 ®  |343.77516|171.88831/114.59301}85.94561}68.75736 57.29869 
1 |57.29869| 49.11406| 42.97571) 38.20155/34.38232/31.25758.28.65371 
2 |28.65371) 26.45051| 24.56212| 22.92559|21.49368)/20.23028|19.10732 
3 |19.10732| 18.10262| 17.19843| 16.38041|15.63679|14.95788|14.33559 
4 |14.33559| 13.76312) 13.23472) 12.74550)12.29125/11.86837|11.47371 
5 |11.47371) 11.10455| 10.75849| 10.43343/10.12752| 9.83912) 9.56677 
6 | 9.56677 9.30917] 9.06515] 8.83367| 8.61379] 8.40466] 8.20551 
7 | 8.20551; 8.01565| 7.83443] 7.66130] 7.49571] 7.33719] 7.18530 
8 | 7.18530, 7.03962) 6.89979) 6.76547| 6.63633] 6.51208] 6.39245 
9 | 6.39245) 6.27719} 6.16607) 6.05886) 5.95536] 5.85539] 5.75877 
10 | 5.75877, 5.66533) 5.57493| 5.48740) 5.40263] 5.32049] 5.24084 
11 | 5.24084) 5.16359] 5.08863} 5.01585] 4.94517] 4.87649] 4.80973 
12 | 4.80973) 4.74482] 4.68167] 4.62023] 4.56041) 4.50216] 4.44541 
13 | 4.44541) 4.39012) 4.33622) 4.28366] 4.23239] 4.18238] 4.13357 
14 | 4.13357) 4.08591) 4.03938) 3.99393] 3.94952) 3.90613] 3.86370 
15 | 3.86370| 3.82223) 3.78166] 3.74198] 3.70315] 3.66515] 3.62796 
16 | 3.62796] 3.59154| 3.55587| 3.52094] 3.48671] 3.45317] 3.42030 
17 | 3.42030! 3.38808] 3.35649] 3.32551) 3.29512) 3.26531)3.23607 
18 | 3.23607| 3.20737] 3.17920] 3.15155] 3.12440] 3.09774] 3.07155 
19 | 3.07155| 3.04584! 3.02057| 2.99574) 2.97135] 2.94737] 2.92380 
20 | 2.92380! 2.90063] 2.87785] 2.85545] 2.83342] 2.81175] 2.79043 
21 | 2.79043) 2.76945) 2.74881] 2.72850) 2.70851) 2.68884| 2.66947 
22 | 2.66947} 2.65040] 2.63162) 2.61313] 2.59491) 2.57698] 2.55930 
23 | 2.55930) 2.54190) 2.52474) 2.50784] 2.49119] 2.47477] 2.45859) 
24 | 2.45859| 2.44264] 2.42692] 2.41142] 2.39614] 2.38107] 2.36620 
25 | 2.36620! 2.35154] 2.33708] 2.32282] 2.30875] 2.29487] 2.28117 
26 | 2.28117] 2.26766] 2.25432) 2.24116] 2.22817) 2.21535] 2.20269 
27 | 2.20269} 2.19019] 2.17786] 2.16568] 2.15366] 2.14178] 2.13005 
28 | 2.13005| 2.11847] 2.10704] 2.09574) 2.08458) 2.07356] 2.06267 
29 | 2.06267} 2.05191) 2.04128] 2.03077] 2.02039) 2.01014] 2.00000 
30 | 2.00000) 1.98998] 1.98008] 1.97029) 1.96062} 1.95106] 1.94160) 
31 | 1.94160) 1.93226] 1.92302] 1.91388] 1.90485] 1.89591] 1.88709 
32 | 1.88708] 1.87834) 1.86970] 1.86116] 1.85271] 1.84435] 1.83608 
33 | 1.83608] 1.82790 1.81981] 1.81180) 1.80388] 1.79604] 1.78829 
34 | 1.78829] 1.78062) 1.77303] 1.76552} 1.75808] 1.75073] 1.74345 
35 | 1.74345] 1.73624) 1.72911] 1.72205] 1.71506] 1.70815] 1.70130 
36 | 1.70130) 1.69452] 1.68782] 1.68117] 1.67460] 1.66809} 1.66164 
37 | 1.66164) 1.65526] 1.64894) 1.64268] 1.63648) 1.63035] 1.62427 
38 | 1.62427] 1.61825] 1.61229] 1.60639] 1.60054! 1.59475] 1.58902 
39 | 1.58902) 1.58333| 1.57771) 1.57213] 1.56661) 1.56114] 1.55572 
40 | 1.55572) 1.55036) 1.54504) 1.53977] 1.53455] 1.52938) 1.52425 
41 | 1.52425) 1.51918] 1.51415] 1.50916] 1.50422) 1.49933] 1.49448 
42 | 1.49448] 1.48967] 1.48491] 1.48019) 1.47551| 1.47087] 1.46628 
43 | 1.46628] 1.46173] 1.45721) 1.45274) 1.44831) 1.44391] 1.43956 
44 | 1.43956] 1.43524) 1.43096] 1.42672) 1.42251] 1.41835] 1.41421 
zg 60’ 50’ 40/ 30’ 20’ 10’ 0’ 

§ 

a 
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CARNEGIE STEEL COMPANY 


BIRMINGHAM WIRE GAGE 


EQUIVALENTS IN INCHES 


F Fuat Rouiep STEEL 


Wisdknee Inches Pounds 


| Thickness, 
Number Inches 


per _—- ——| _- per 
Square Foot Fractional Decimal Square Foot 


Bite KSen 5 20.4 
0000 454 18.5232 Ses A6875 19.125 
000. 425 17.34 i | 4375 )} 17.85 
aia Re | (40625 | 16.575 
.380 15.504 ‘ .375 15.3 
.340 13.872 || 2 34375 | 14.025 
Rtas Dee ERE |. 8125 | 12.75 
.300 12.24 -296875 12.1125 
.284 11.5872 | 9 -28125 11.475 
.259 10.5672 / -265625 | 10.8375 
Be kis ares | «20 10.2 
.238 9.7104 -234375 9.5625 
-220 8.976 fs -21875 8.925 
.203 8.2824 || -203125 | 8.2875 
.186 7.344 | 3 -1875 4.65 
.165 6.732 } | .L71875. | 7.0125 
148 6.0384 | 2 15625 | 6.375 
134 5.4672 Ke -140625 | 5.7375 
.120 4.896 125 5.1 
109 4.4472 |) 109375 4.4625 
.095 3.876 H 8G. .09375 3.825 
.083 3.3864 © | .078125 3.1875 
072 | 2.9376 ik came ete 2 Frattic ont ee 
.065 2.652 ‘ 2.55 
058 2.3664 | #8 Rpoth oe 
.049 | 1.9992 I -046875 
.042 1.7136 
.035 1.428 ne Reacts 
.032 1.3056 2 .03125 
.028 1.1424 
.025 1.02 
022 0.8976 
.020 0.816 
018 0.7344 || Na Ba ae 
.016 0.6528. p -015625 
014 0.5712 | ae ehietetecots 
.013 0.5304 
.012 0.4896 
.010 0.408 
.009 0.3672 i pecene fee ie See 
.008 0.3264 Vos .0078125 0.31875 
.007 0.2856 
-005 0.2040 “A meds cin tans aia eee 
004 0.1632 Yos56 -00390625 0.159375 
Unless otherwise specified, all orders for flat rolled steel in gages will be executed by Carnegie 
Steel Company to Birmingham Wire Gage. 
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MEASURES AND WEIGHTS 


UNITED STATES STANDARD GAGE 
For 


SHEET AND PLATE [RON anpD STEEL 


Approximate Thickness Wieieht : 
| ght per | Weight per . 
Gage Square Foot, | Square Foot, eee 
Number | fractional Decimal i Ounces, Pounds, Kilo an 
Inches Inches Millimeters | Avoirdupois | Avoirdupois OEKS: 
i) 
0000000 1 5 12.7 320 20.00 97.65 
000000 15g -46875 11.90625 300 18.75 91.55 
00000 Ae 4375 11.1125 280 17.50 85.44 
0000 1360 -40625 10.31875 260 16.25 79.33 
000 36 315 9.525 240 15.00 73.24 
00 1% -34375 8.73125 220 13.75 67.13 
0 46 .3125 7.9375 200 12.50 61.03 
1 Yeo -28125 7.14375 180 11.25 54.93 
2 17/54 .265625 6.746876 170 10.625 51.88 
3 WY “25 6.35 160 10.00 48.82 
4 15/54 .234375 5.953125 150 9.375 45.77 
5 2 21875 5.55625 140 8.75 42.72 
6 1344 -203125 5.159375 130 8.125 39.67 
i 316 .1875 4.7625 120 7.50 36.62 
8 ys .171875 4.365625 110 6.875 33.57 
9 Seo 15625 3.96875 100 6.25 30.52 
10 aq 140625 3.571875 90 5.625 27.46 
11 Us 125 3.175 80 5.00 24,41 
12 Ves. 109375 2.778125 70 4.375 21.36 
13 Bho 09375 2.38125 60 3.15 18.31 
14 Fes. 078125 1.984375 50 3.125 15.26 
15 Yo8 0703125 1.7859375 45 2.8125 13.73 
16 146 -0625 1.5875 40 2.50 12.21 
ils %oo -05625 1.42875 36 2.25 10.99 
18 Yoo 05 1.27 32 2.00 9.765 
19 Aso .04375 1.11125 28 i ACass 8.544 
20 380 .0375 -9525 24 1.50 7.324 
21 Ygoq | .034875 .873125 22 1.375 6.713 
22 bo, -03125 793750 20 1.25 6.103 
23 %o0 .028125 .714375 18 5p 2255 5.493 
24 Ao .025 -635 16 1.00 4.882 
25 Te20 .021875 -555625 14 875 4.272 
26 60 .01875 47625 12 75 3.662 
27 1449 =| .0171875 4365625 11 6875 3.357 
28 Yo. .015625 396875 10 625 3.052 
29 %4.0 -0140625 3571875 9 5625 2.746 
30 Yo .0125 Pali 8 50 2.441 
31 Yeso -0109375 -2778125 2. 4375 2.136 
32 | 1%280 | .01015625 .25796875 6% 40625 1.983 
s5) %h00 .009375 .238125 6 375 1.831 
34 | 4280 | .00859375 -21828125 5% 34375 1.678 
35 %40 .0078125 .1984375 5 .3125 1.526 
36 | %280 | .00703125 .17859375 4% .28125 1.373 
37 | W560 | .006640625 .168671875) 4 -265625 1.297 
38 460 .00625 -15875 4 25 1.221 


The United States Standard Gage is a weight gage based upon the weights per square foot in 
ounces ayoirdupois and approximate thickness based upon 480 pounds per cubic foot. 
In the practical use and application of the United States Standard Gage, a weight variation of 
214 per cent either way may be allowed. 
Unless otherwise specified, all orders for flat rolled steel in gages will be executed by Carnegie 
Steel Company to Birmingham Wire Gage. 
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CARNEGIE STEEL COMPANY 


STANDARD GAGES 


COMPARATIVE TABLE 


Thickness in Decimals of an Inch 


Birmingham Wire 
(B. W. G.) 
also known as 
Stubs Iron Wire 
American Wire 
or 
Browne & Sharpe 
American Steel & Wire Co. 
formerly 
Washburn & Moen 
Trenton Iron Company 
British Imperial 
Standard Wire 
(8S. W. G.) 
Standard Birmingham 
Sheet and Hoop 
(B. G.) 


0000000 


003144 


Unless otherwise specified, all orders for flat rolled steel in gages will be executed by Carnegie 
Steel Company to Birmingham Wire Gage. 
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MEASURES AND WEIGHTS 


DECIMAL OF AN INCH AND OF A FOOT 


28 .,| re 28 ae 
Fractions Be a | Fractions Be EB Fractions Be g Fractions 28 a 
of |Sse] of = iees| of = See] eee 
Inch or Foot |.q 2 8) Inch or Foot |. 2 §| Inch or Foot |4 28] Inch or Foot | a 28 
a 3™|| a 3 Eicha a Bm 
—— Ss —— AS 
-0052 Ye -2552 346 | -5052 6146 -7552 946 
-0104 4g -2604 31 -5104 64g -7604 Ve 
V4 | 015625 | 346 |1%4| .265625 | 3346 |8364| 515625 | 6346 4%} .765625 | 9% 
-0208 yy | .2708 34 | .5208 64 -7708 914 
-0260 Ae -2760 346 -5260 6%6 7760 9% 6 
Vgo| .03125 8% ||%e2|.28125 | 3% 1%o| .53125 | 68% |2562]} .78125 98% 
-0365 Ae -2865 3/6 5365 64/6 -7865 9Ac 
-0417 Y% | -2917 3% 5417 6% -7917 9% 
34 | 046875 | %6 ||1%4| .296875 | 3% 6 8564) .546875 | 6%6 |>Y4| .796875 | 9%o 
0521 % | |.3021 | 39% 5521 —| 698 8021 956 
-0573 146 .3073 31K 6 5573 61146 .8073 9114 6 
Ye| .0625 % | Ae| -3125 334 || %6| .5625 6% |1%46| .8125 934 
-0677 134 6 -3177 31346) 5677 6154 6 -8177 9134 6 
0729 % | .3229 3% 5729 6% .8229 9% 
5%4| 078125 | 1546/2444) .328125 | 3154 6/8764) .578125 | 6154 6\)34| .828125 | 91546 
-0833 Le) 3333 4 | 5833 7 ~8333 10 
-0885 Ke 3385 446 -5885 T"6 -8385 1046 
3$0|.09375 | 146 |1%e| 34375 | 416 |1%2) 59375 | 716 |2%2| .84375 | 101% 
-0990 1%46 -3490 4346 .5990 746 -8490 10% 6 
-1042 1% 3542 AV, -6042 7A, .8542 10% 
Yes | 109375 | 1546 ||2%64) 359375 | 4546 |8%4| .609375 | 7546 5564) .859375 | 10%46 
-1146 88 | 3646 456 || 6146 7% 8646 103% 
.1198 lhe 3698 4% 6 6198 7/6 8698 10%6 
1g | .1250 114%4 || %|.3750 | 4% | % | .6250 744 ||1%%| .8750 10% 
-1302 1%6 -3802 4%6 | 6302 The 8802 10% 6 
-1354 1% 3854 45% | 6354 7% 8854 10% 
%4 | 140625 | 1114 6/?%4| .390625 | 41146)41%44| .640625 | 711465764) .890625 | 101146 
-1458 1%4 -3958 434 -6458 7% | -8958 1084 
-1510 11% 6 4010 4134 6 -6510 71% 6| -9010 101% 6 
5o| 15625 |1% |1%62) 40625 | 4% |e] 65625 | 77% |2%2) .90625 | 10% 
“| .1615 11546 4115 4156 -6615 715 6 -9115 101%46 
.1667 2 4167 6667 -9167 11 
1144) 171875 | 246 |?%4| .421875 | 5446 |4364| .671875 | 846 [94] .921875 | 1146 
1771 216 4271 5g .6771 84 -9271 11% 
-1823 246 -4323 5%4o -6823 8% 6 -9323 11%6 
%q|-1875 |2% |%4e|.4875 |5% [1% 6875 |8%4 [Sie 9375 | 11% 
.1927 216 4427 5/6 6927 86 -9427 11%6 
71979) 2% 4479 586 6979 =| 838% -9479 11% 
13%4| -203125 | 26 ||?%a| .453125 | 5t46 4564] .703125 | 8% 6 |64G4| .953125 11%. 
-2083 2% -4583 51% -7083 8p -9583 11% 
.2135 | 2%6 4635 5%6 7135 8% -9635 11%6 
Yeo|.21875 | 252 |1560] .46875 | 556 |2362|.71875 | 856 |8t40/ .96875 | 11% 
.2240 | 21146 4740 5, -7240 8146 .9740 ie 
.2292 284 4792 5%4 -7292 834 9792 11% 
1544] .234375 | 2134 6|/8144| .484375 | 51846 /4%4| .734375 | 81546 |63¢4| .984375 | 111346 
-2396 2% 4896 57% -7396 8% 9896 11% 
-2448 21546 4948 51546 -7448 81% 6 -9948 111546 
i 
¥%|.2500 |3 ¥4 | .5000 6 84 | .7500 9 1 } 1.0000 12 
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American Bridge Co... 


Angles, Back to Back . . 
Arches, Floor Arches. . . 


SUBJECT INDEX 


PacE 
specifications for steel structures 136-142 
standard specifications 
billet steel reinforcement bars 
nickel steel, structural 
BID TRY CR SECEL «+sfirciea- Sy ak SIE 2 aie So aboot oie 
structural steel for bridges 


“es “e “cc 


profiles, dimensions and weights 

safe loads, explanatory notes 

safe load tables 

standard connections 

structural details for punching and riveting .229-231 
tension values 

radii of gyration 151, 173-175 
explanatory notes 306-308 
terra cotta, safe load tables and weights 309-312 
circles, diameters 1 to 999 

circular segments 368-371 
method of increasing sectional areas 45 
Hetiardas oP angles” Hee... cewie ae oe oes 237-239 
plane figures 365 
rectangular sections 100-103 
reduction of area for rivet holes 

square and round bars 

structural shapes, rails, etc 

surface of solids 


LisShiOt:-Sizes's. <iaeutscuwmrs = « 


- cold twisted square bars, sizes and weights 


Beams, H-Beams....... 
Beams, I-Beams 


concrete reinforcement bars, sizes and weights108—111 
eye bars, sizes and dimensions 

flats, list of sizes 

lattice bars, dimensions for columns 

merchant bars, list of sizes 

rounds and squares, weights and areas 

splice bars, profiles, dimensions and weights. .116,117 
standard test bars, see A. S.T.M. Specifications 4-43 
tension values, rounds and squares 

upset screw ends, sizes and dimensions 

see H-Beams 

bending moments, tables 

common dimensions 
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Beam Columns 
Beam Girders 


Beam Stresses 


Bearing Plates 


Bearing Values 


Bending Moments 


Bolt Heads and Nuts.. . 


Buckle Plates 


Buckling of Webs 


Building Laws 
Bulb Angles 


Cast Iron Columns .... 


INDEX 


details, connection angles 

ns bearing plates. 

separators 
standard gages for punching 
elements of sections 148, 152, 153 

244-248 

profiles, weights and dimensions 47-56 
safe loads, explanation of tables 
safe load tables 


“cc 


explanatory notes 
safe load tables 
explanatory notes 
bending stresses 
buckling stresses 
deflection, lateral 

a vertical ....... 185-190 
flexure formulas for various loading conditions. . 183-188 
impact stresses 191, 192 
shearing stresses, longitudinal and vertical 192, 193 
tensile and compressive stresses.............. 
explanatory notes 
safe resistance 


pins and rivets, explanatory notes............ 
pins, tables 
rivets, tables 
explanatory notes 180 
beams, tables 196, 197 
channels, tables 
pins, tables 
various loading conditions, formulas 185-188 
standard dimensions 122, 123 
screw threads, standard dimensions 122, 123 
weights, bolts with hexagon heads and nuts... 125 
weights, bolts with square heads and nuts 124 
standard dimensions 122, 123 
weights 124, 125 
explanatory notes 
safe load table 
sizes and dimensions 
explanatory notes 193-195 
web resistance of beams and channels, tables . 196-198 
extract, from building laws of various cities... 304 
bulb angles 58-65, 158-161 
bulb angles, elements 

= ‘profiles, weights and dimensions... 58-65 


allowable unit stresses 
hollow round and square, elements 
f “s ‘* safe loads 
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Paan 
Cetlixigs ss cun serescoeer deflection of plastered ceilings............... 189, 190 
weight: of callings wiused shims oss eee 312 

Center of Gravity. .... see Neutral Axis.................. 143-149, 152-177 
Channels, Ship and Car. elements of sections................+--0005- 156, 157 
profiles, weights and dimensions............. 70-74 

Channels, Structural... bending moments, table.................... 198 
common: dimensionsiies. , sro coves oes 2 46 

details, standard gages for punching......... 222 

elements of Sechions. 22. 2s asisde< we vs ee 148, 155-157 

profiles, weights and dimensions............. 66-74 

safe loads, explanation of tables.............. 189-195" 

sate load tablosiews sGhraine cle ota n oor atten 208-212 

web resistance, tablet. 1.5) eat aca ye ers siete 198 

Checkered Plates...... elements and safe leedac:s.wk... cic wine dee 322 
profiles, weights and dimensions. ............ 94 

Gincled ie tdeys av sce- cee areas and circumferences, dia. 1 to 999...... 374-393 
properties of the eircloss S2c2 Gin oc cas ose way 364 

Circular Plates ....... extreme sizes, carbon steel...............+-: 95, 96 
Circular Segments..... areas; tables of coefficients... 6. ...... 0.5.06. 368-371 
Clevisess: trc<is.0 nie +. Sizes and) weights oucaee - eee «<< tickers <eeers 130 
Coefficients .........-. circular segments wets saa oa eas yes eee eS 369-371 
defiection under uniform load................ 190 

expansion due to heaton): ccc or «cnc acre oe 351 

Cold Twisted Squares... sizes and weights............-...--eeeeeees 108 
‘Columns, Cast Iron. ... allowable unit stresses...................-.- 300 


hollow round and square, elements........... 178, 179 

ss os a iE SRIGHORGS: .. cman 301, 302 

Columns, Steely cckorevers explanatory NOteSseiaeg cclm isle <5 .nus ete seine 271-273 
calculation of elements. «:....2..:....c0e000- 150, 151 


“ce “ 


compression formulas 274, 275 


elements, angle and plate columns........... 289-296 

a channel and plate columns......... 277-288 

hy miscellaneous beam columns........ 276 

safe loads, angle and plate columns........... 289-296 

Ads ‘* channel and plate columns...... . .277—288 

se “* miscellaneous beam columns....... 276 

typical details for mill and office buildings .... . 297-299 

Columns, Wood....... allowable unit stresses. yee + ic oases 341 
square and round, safe loads................ 342, 343 

Compound Sections. ... Calculation of elements .................... 150; 151 
Concrete, Masonry... . . strength, unit fiber stresses... .......6.....6-- 350 
specific gravity and weight.......... ge are 345 

Concrete, Reinforced... explanatory notes...............0ccceceeeee 313-317 
beams and slabs, formulas iniecei.% 3c hore 313-316 

bending moments of slabs..........:.......- 318 

columns; formulas. gaits Picea ies cnsne eee» 316 

reinforcements, deformed bars, etc........... 108-111 

7 round and square bars........ 106, 107 

ae triangle mesh........... aiepeans 319 

Connection Angles..... standard for beams..................ee000-- 223,224 
Construction Specif’ns.. American Bridge Company................ 136-142 


Conversion Tables..... measures, metric and U. S. Standard.........352-363 
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Corrugated Sheets 
Cotter Pins 


Cross Tée Sections 


Cubes and Cube Roots. - 


Decimal Table 
Deflection, Lateral... .. 
Deflection, Vertical... . 


Deformed Bars........ 


Elasticity 
Elements of Sections.. . 
Equivalent Measures... 


Expansion, Heat 
Bye" Bares. o/s: eis acess 


Fiber Stresses 


Fireproof Floors...... 
Flat Rolled Steel...... 


Flexure of Beams..... 
Floor Construction... . 


Floor Plates)... 2 3.:... 


Formulas............ 


INDEX 


Paget 

explanatory notes ste eh aes 330 
sizes and weights nite 331 
sizes and dimensions 132 
elements of sections 171 
profiles, weights and dimensions NG AS ils} 
safe load tables 207 

374-393 


equivalents of an inch and of a foot 403 
explanatory notes and formula 138, 181, 191 
explanatory notes 181, 189, 190 
coefficients, calculation and table 190 
coefficients for beams and channels . . 199-203, 207-210 
limit for plastered ceilings 189 
formulas for loading under various conditions . 185-188 


sizes and weights 108-111 


elastic limit of substances 348, 349 
modulus of elasticity of substances. . 183, 333, 348-350 
explanatory notes 143 
formulas for calculation of elements.......... 144-151 
structural shapes, rails, etc...........%......152-172 
metric and U. 8. standard 

table of coefficients 


concrete, reinforced concrete 
masonry, stone 

metals, alloys 

miscellaneous substances 


Stracturalutimiber.o1.. Aster va leiets sak. dee ti 333 
see Floor Construction wae. ee oy re ova 303-319 
LSE OLSSIZOS Acs., Meteceneers GE vert Hose cd olsntc aatroieteus @ Abe 95-98 
CADIES LOL WELLES ssteretcictateteuctsika. 5 hehe eres o ae 1 103-105 
explanatory notes and formulas.............. 180-188 
EXPIANACOLY MOGs caer tepa enemas Benen wisn eleee enenetelevanee 303-308 
fireproof MOOMSYVStUCMIS 5.6 «ssc: oe we a oie we 305, 306 
live loads, various building laws............. 304 
reinforced concrete beams and slabs.......... 313-319 
terra cotta arches, safe loads and weights..... 309-312 
thrust: ii) Archos rae. a suai astaiees sielsecous = sR per sse wife 306-308 
Huckle plates. cb sacks ceaychearaseh yr ocvo.c + asta asiale 320, 321 
Checkere@ platessa serene acsobeass ZF grains isles 322 
bending moments and deflection............ 183-188 
elements Of SECHIONS yaiae «ciel =. 9 cos oc sienna 144-151 
geometric and trigonometric....... 364-368, 372, 373 
roof trusses, stresses and length of members. .326-329 
stresses in beams, bending........../....... 180-182 

s s He DUCILIDS ott. Glcmatas Foose as 193, 194 

BE % APA owas ao.) cents ees ec 191,192 

et eS ps SHOANING Peete serites co wk ce. ane 192, 193 
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Gage Variation 
Girders 


Grillage Foundations .. 


Grips of Rivets 


Half Rounds 
Hexagons 
Hollow Sections 


Impact Stresses 


CARNEGIE STEEL COMPANY 


stresses in columns, cast iron 
“f oM i structural steel 
“ structural timber 
stresses in bearing plates and steel slabs. .227, 244, 245 
numbers 1 to 999 374-393 
trigonometric 394-399 


specific gravity and weight 

angles, for punching 

beams, for punching 

Birmingham wire gage 

channels, for punching 

comparative table of various gages 

United States standard gage 

steel plates, see A.S.T. M. Specifications... . 
explanatory notes 

angle and plate girders, safe loads 252-270 
beam and plate girders, safe loads........... 250, 251 
elements of compound sections.............. 150, 151 
grillage foundations 244-248 
explanatory notes and calculation 244-248 
length of field rivets 


elements of sections 

profiles, dimensions and weights 
list of sizes 

list of sizes 

rounds and squares, elements 
cast iron columns 


Increase of Sections ... 


Lateral Deflection. ... . 


Lattice Bars 
Liquids 


Live Loads, Floors .... 


Logarithms 


Longitudinal Shear... . 


Loop Rods 


Masonry and Stone... . 


Materials 


explanatory notes and formula 138, 181, 191 
dimensions for columns 140 
coefficients of expansion 351 
specific gravity and weight 344 
building laws of various cities 304 
numbers 1 to 999 374-393 
explanation and formula. . 

sizes and dimensions 


coefficients of expansion 

specific gravity and weight 

strength, unit fiber stresses 

coefficients of expansion 

specific gravity and weight 344-347 
strength, unit fiber stresses 348-350 
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Measures and Weights. . 
Mensuration 
Metals and Alloys 


Metric Tables 

Minerals 

Modulus of Elasticity. . 
Moments of Inertia.... 


Nut Steel Flats 


Ordering Materials .... 


Piling, Steel Sheet..... 


Plate Girders 
Plates, Flat Rolled Steel. 


Plates, Floor Plates... . 


Plates, Wall Plates... . 
Profiles of Sections. . . 
Punching 


Purlins 


Radius of Gyration.... 


Rails and Accessories . . 
Rail Clips 
Ratio of Slenderness. . . 


INDEX 


Pace 
equivalents of U. S. and metric 352-363 
mathematical formulas 364-373 
coefficients of expansion 
specific gravity and weight 
strength, unit fiber stresses 
weights and measures 
specific gravity and weight 345 
various substances 183, 333, 348-350 
143-151 
152-177 


definition and formulas 143-149 
structural shapes, tables 152-177 
dimensions and weights 122-125 
recessed pin nuts, sizes and dimensions 

sleeve nuts, sizes and dimensions 

list of sizes. 


general instructions 


explanatory notes 
elements 
profiles 
explanatory notes 
bearing values, tables 
bending moments, tables 
cotter pins, sizes and dimensions 
black and galvanized 
see: Girders's. ccraate os on cica se oh rioy LOO, LOL, 244-270 
OXtleMle SIZOS mee cua ae dortuie in tures BOS Od 
carbon steel, sheared, rectangular and circular. 95,96 
* , universal rectangular 
nickel steel, sheared, rectangular 
6 “| universal, rectangular 
buckle plates, explanatory notes and sizes.... 
checkered plates, elements and safe loads 
ie rs profiles, weights, dimensions 
see Bearing Plates 


. dimensions and weights 47-94, 108-119 


details for punching and riveting 229-231 
construction specifications 
explanatory notes............. ayes 


definition...... 

angles back to back, tables. 173-175 
formulas for elements of sections 144-151 
structural shapes, tables 152-172 
elements of A. R. A. and A. S. C. E. sections 172 
profiles, weights and dimensions 

weights and dimensions 

profiles, dimensions and weights 

definition 

unit stresses for compression formulas 
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Recessed Pin Nuts 
Reciprocals 


Rectangular Plates .... 
. areas 100-102 


Rectangular Sections. . 


Reinforced Conereic . 
Riveting 


Screw Threads 
Section Modulus 


Segments, Circular .... 


Separators 
Shearing Stresses 
Sheared Plates 


Shearing Values, Rivets. 
Ship and Car Channels. 


Specific Gravity 
Splice Bars 


Square and Round Bars 
Square Edge Flats 


Squares, Square Roots . 
Strength of Materials. . 


Stresses 


PaGE 


sizes and: GimiensiOnie ssa 2 sos aes seen 132 
numbers 1 to 999 374-393 
extreme sizes, carbon-and nickel steel 95-97 


moments of inertia 176, 177 


- see Concrete, Reinforced 
- construction specifications ate 6. Saw saya 2 « 


details for punching and riveting 229-231 
areas of rivet holes 231 
conventional signs 229 
CLITNCNST ORR) tte a ere ete Savin eee waar nn, oa 133 
lengths for various grips 134 
stresses, shearing and bearing values 232-234 
structural details for riveting 229-231 
weights 135 
explanatory notes. fa ts 323-325 
live loads, building. iow of various cities 

snow and wind loads 

trusses, stresses and length of members 326-329 
weights, roof covering and roof trusses.........324, 325 


Franklin Institute, U.S. and A.B. Co. standards 122 
definition and formulas 143-151 
structural shapes 152-172 
coefficients of areas 369-371 
standard for beams 225 
longitudinal and vertical 

extreme sizes, carbon-and nickel steel 

tables 

see Channels, Ship and Car 

list of sizes 


American Bridge Company 

American Society for Testing Materials 4-43 
various substances .. 344, 345 
elements of A. R. A. and A. S. C. E. sections 172 
profiles, dimensions and weights 

area and weight 

list of sizes 


elements of sections ... 

profiles, weights and dimensions 

safe load tables 

arches, ceilings, furring, partition, roofing 
standard, see A. S. T. M. Specifications 
length of bolt threads 

standard dimensions of screw thread 
effect in floor construction 
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INDEX 


length and weight 
spacing 
Timber, Structural.... A. R. HE. A. unit stresses and explanatory notes. 332, 333 
beams, deflections, limiting loads and spans,.. 335 
. explanatory MOtOSia... sts ee cocaine 334 
ns safe load tables 336-340 
coefficients of expansion 
columns, explanatory notes 
oe safe load tables 
specific gravity and weight 
Triangle Mesh concrete reinforcement 
Trigonometric Formulas functions of angles and triangles 
Trigonometric Functions natural 
Trusses explanatory notes 
stresses and length of members 
Turnbuckles size and dimensions 


Unit Stresses see Fiber Stresses 136, 137, 333, 348-350 
Universal Mill Plates... extreme sizes, carbon- and nickel steel 
Upset Screw Ends square and round bars 


Vertical Shear explanation 
formulas for various conditions of loading 184-188 
Volume and Surface... solids Bienes 


Web Resistances beams and channels 196-198 
Weights flat rolled steel, tables 103-105 
rounds and squares 106, 107 
47-94, 108-119 
various substances 344-347 
Weights and Measures.. metric and U.S. Standard 352-363 
Wind Loads, Pressure.. building specifications of various cities 
roofs and trusses ‘ 
Wire and Sheet Metal. . standard gages 
Wooden Beams, Columns see Timber, Structural 


elements of sections 
profiles, weights and dimensions 
safe load tables 
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PRODUCTS 
Pia Iron and FuRNACE PRODUCTS 
Frrro-Man@annuen AND SPIEGELEISEN 
Oprn-Hrarts AND BESSEMER STEEL, ALLOY STEELS 
Incots, Brnuets, Buooms, SiuaBs, SHEET Bars 
ARMOR AND VAULT PLATE 
PLATES ror Bripces, Surps, TANKS, BormLeRs, AND CARS 
RoLueD STRUCTURAL SHAPES 
BraMs, CHANNELS, ANGLES, TEES, ZEES 
StreL Minr TIMBERS AND STEEL SHEET PILING 
Bar Miu PRrRopucts 
Concrete REINFORCEMENT Bars, AGRICULTURAL SHAPES 
MISCELLANEOUS AND SPECIAL SHAPES 
E.ectric Toon STEELS 
MmRCHANT Bars 
Squargs, Rounps, Hatr Rounps, Hpxacons, Ovauts, Haur OVALS 
Fuats, Sketp, Banps, Hoors, Corton Tries 
Hoops ror Snack BARREL CoOPERAGE 
TIRE AND VEHICLE SPRING STEEL 
Track MATERIAL 
Raits AND Spiice Bars, Duqunsne Rai JoINts, 
‘TRACK AccrssoRiEs, STEEL Cross TiEs 
ForGINGS 


STANDARD ForGEeD AND Heat-TREATED AXLES 


Connecting Rops, CRANK SHAFTS AND ArRcH Bars 


WHEELS AND GEAR BLANKS, 
AUTOMOBILE FLYWHEELS, Pipzk FLANGES, SHAFT CoUPLINGS 
Locomotive Pistons 


DERRICKS AND Dritiine Ries 
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WORKS 


COKE WORKS 


Clairton By-Product Coke Works Clairton, Pa. 
Farrell By-Pzroduct Coke Works.................Farrell, Pa. 


BLAST FURNACES 


Carric Furnaces 
Edith Furnace 


Lucy Furnaces Pittsburgh, Pa. 
Neville Furnace Neville Island, Pa. 
Niles Furnace 
Steubenville, O. 
Zanesville, O. 


STEEL WORKS, FURNACES AND ROLLING MILLS 


Bellaire, O. 
Clairton, Pa. 
Columbus Steel Works and Furnaces.............Columbus, O. 
Duquesne Steel Works and Furnaces.............South Duquesne, Pa. 
Edgar Thomson Steel Works and Furnaces.......Bessemer, Pa. 
Farrell Steel Works and Furnaces................ Farrell, Pa. 
Homestead Steel Works Munhall, Pa. 
Mingo Steel Works and Furnaces Mingo Junction, O. 
New Castle Steel Works and Furnaces............New Castle, Pa. 
Youngstown, O. 
Sharon, Pa. 


Pittsburgh, Pa. 
Greenville, Pa. 
Pittsburgh, N. S., Pa. 
McDonald, O. 
Monessen, Pa. 
Pittsburgh, N. 8., Pa. 
Upper Union Mills Pittsburgh, Pa. 
Lower. Union Mills Pittsburgh, Pa. 
Upper Union Mills Youngstown, O. 
Lower Union Mills Youngstown, O. 


FORGE AND WHEEL WORKS 


Howard Axle Works Homestead, Pa. 
Schoen Steel Wheel Works McKees Rocks, Pa. 


WAREHOUSES 


Baltimore Warehouse Baltimore, Md. 
Cleveland Warehouse Cleveland, O. 
New England Warehouse Allston, Mass. 
Pittsburgh Warehouse Pittsburgh, Pa. 
Waverly Warehouses Newark, N. J. 


CARNEGIE STEEL COMPANY 


OFFICES 


GENERAL OFFICES: 
Pittsburgh, Carnegie Building. 


DISTRICT OFFICES: 
Birmingham, Brown-Marx Building, 
Boston, 120 Franklin Street, 
Buffalo, The Marine Trust Company Building, 
Chicago, 208 South La Salle Street, 
Cincinnati, Union Trust Building, 
Cleveland, Kirby Building, 
Denver, First National Bank Building, 
Detroit, Ford Building, 
New Orleans, Maison Blanche, 
New York, Hudson Terminal, 30 Church Street, 
Philadelphia, Widener Building, 
Pittsburgh, Carnegie Building, 
St. Louis, 506 Olive Street, 
St. Paul, Pioneer Building. 


EXPORT REPRESENTATIVES: 


UNITED STATES STEEL PRODUCTS CoO., 
New York, Hudson Terminal, 30 Church Street. 


PACIFIC COAST REPRESENTATIVES: 


UNITED STATES STEEL PRODUCTS CO., PACIFIC COAST DEPT. 
Los Angeles, Jackson Street and Central Avenue, 
Portland, Selling Building, 

San Francisco, Rialto Building, 
Seattle, Fourth Avenue South and Connecticut Street. 
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